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ABSTRACT.
The ileal Peyer's patch (IPP) of lambs is a region of intense
lymphopoiesis and B cell development. Monoclonal antibodies against
ovine lymphocyte antigens have been used to characterise the IPP
lymphocyte. Three murine monoclonal antibodies against ovine IgM, IgGi
and Ig light chain were produced and are described fully. IgM and MHC
class II antigens are expressed on the vast majority of IPP cells
whilst cells bearing other serum Ig isotypes and T cell antigens are
rare. A novel Ig molecule appears to be coexpressed with IgM, it is
proposed that this is the ovine equivalent of IgD.
IPP cells can be induced to proliferate and differentiate when
cultured with lipopolysaccharide (LPS) and interleukin 2 (IL2).
Proliferation is inhibited by rabbit anti-sheep Ig antibodies. Using an
ELISA for Ig, it has been posible to quantitate Ig synthesis and
secretion. Mean cellular Ig increases greater than 25-fold during
differentiation. High-rate secretion begins 4 days after initiation of
culture and is virtually complete by day 7.
As IPP B cells differentiate to IgM secretion, membrane Ig is
rapidly lost so that by day 6, only 15% of cells express Ig en their
surfaces. Changes in MHC class II antigens were also studied. Surface
expression of MHC class II molecules doubled by 24 hours and slowly
declined to resting levels as differentiation proceeded. A large
increase in cytoplasmic MHC class II content was noted on day 3. The
reasons for this inci-ease are discussed.
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Kinetic studies suggest that IL2 responsiveness is acquired
approxiately 20 hours after activation by LPS. The concentration
required to give half maximal Ig secretion is 125pM indicating that the
interaction between IL2 and its receptor is one of high affinity.
During differentiation, the cells enlarge and show an increase in
the cytoplasmic:nuclear ratio. The formation of extensive rough
endoplasmic reticulum and additional mitochondria is indicative of the
functional changes occuring
This is the first description of a sheep B cell differentiation
assay. It is proposed that this system is a suitable model on which to
base further studies into the molecular biology of sheep Ig genes, Ig
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B lymphocyte development and differentiation is the area in which
immunological research, with the possible exception of work relating to
HIV infection, has made the most major advances in the last three
years. Immunologists now have a much improved understanding of the
control of this process and despite the in vitro nature of the majority
of experiments, some approximation to the in vivo situation can be
summised. The fascination with B cell differentiation is that it
appears to be controlled by a series of non-specific factors; IL1, IL2,
IL4, IL5 and gamma-interferon (Howard and Paul 1983b, Leibson et al
1984, Swain 1985). These factors mediate several effects on B cells as
well as on a wider range of haematopoetic cells. This situation creates
a dilemma as it provides no mechanism for ensuring the exquisite
specificity of the immune system nor for eliminating potentially
harmful 'bystander' effects. It is therefore postulated that cognate
interactions between cells play an important role in the homeostasis of
the B cell response (Kupfer et al 1987).
A major criticism of in vitro assays of B cell growth and
differentiation in mouse and man is the difficulty in providing
purified populations of resting B cells. The conflicting results
obtained in assays on B cells from these species have been ascribed to
the vastly different sources of B cells used; usually the tonsils in
man and the spleen in mice. This thesis is concerned with the
establishment of an in vitro model for B cell differentiation in the
sheep. The distinguishing feature of this assay compared to former
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assays is its use of the ileal Peyer's patch (IPP) as a source of
resting B lymphocytes. The IPP is widely accepted as being the major
area of B cell production and export in lambs. The development and
involution of the IPP has many characteristics of the bursa of
Fabricius in birds. As such the IPP of lambs is an excellent source of
large numbers of newly formed uncommitted B cells. There is little
doubt that this assay will play a major role in furthering our
understanding of B cell physiology in the sheep.
B CELL PRODUCTION.
In order to appreciate the importance of the IPP in lambs as a
primary lymphoid organ and as a source of B cells for in vitro assays,
it is important to consider B cell production in other species.
Broadly, B cell development can be divided into antigen-independant and
-dependant stages. The antigen-independant stages occur in a variety of
locations depending on the species under consideration and last until
the mature B cell joins the peripheral lymphoid pool. There the B cell
acquires the ability to bind antigen, to participate in cell-cell
interactions and to respond to soluble factors. These stimuli may cause
the cell to undergo clonal expansion and differentiation. The control
of B cell production is poorly understood and this is largely due to
the difficulties in performing direct studies.
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B CELL ONTOGENY AND DEVELOPMENT IN THE MOUSE.
In the mouse, the early B cell production occurs in the liver and
later in the bone marrow. Haemopoietic stem cells (HSC) migrate from
the yolk sac and enter the foetal liver on the ninth day of gestation.
On entering the liver, these HSC become committed to give rise to cells
of the lymphoid lineage. It has been demonstrated that JJ+ pre-B cells
appear in the liver of mouse embryos at about 12 days (Raff et al
1976). The number of pre-B cells increases over the next few days; and
some express light chains to become IgM-bearing B cells by day 17 (Owen
et al 1974). Since Ig'M+ B cells require 3-4 days to become plasma
cells, it is suggested that the absolute minimum time from the HSC to
the terminal stage of B cell differentiation is 11-12 days. Pre- B
cells comprise a minor sub-population in the haemopoietic tissues. In
order to study the development of these early B lineage cells it has
been necessary to develop methods to rescue clones from the polyclonal
admixture occuring in the bone marrow.
The structure of the bone marrow shows remarkable organisation. The
blood supply confers a radial symmetry to the marrow. Kinetic studies
and continuous [3H]-thymidine labelling experiments have suggested that
there is a centripetal maturation of haematopoietic precursors (Osmond
et al 1981).
The mechanism that controls the exit of newly mature B cells from
their site of production is poorly understood. Osmond (1986) postulated
tiiat murine B cells x^eceive a final maturation signal within the
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sinusoids of the bone marrow. Once the B cell has entered the
circulation, it is able to bind antigen to its membrane antigen
receptor. However, there is a considerable turnover of B cells each day
as the half life of primary B cells in vivo is only 3 days. This loss
requires continuing output of cells from the regions of B cell
production.
IMMUNOGLOBULIN GENE REARRANGEMENTS.
Rearrangements of immunoglobulin genes appears to be initiated in a
sequential manner. Heavy chain rearrangements commence with the
connection of a Dh to a Jh gene segment on one chromosome. This is
followed by rearranging a Vh gene to the DJ sequence. The variation in
the actual site of joining of the Vh and DJ segments can result in a
non-productive gene. If this occurs, rearrangements continue on the
paired chromosome. Heavy chain expression terminates further
rearrangements and the process is initiated for light chain. If the
rearrangements on the second chromosome fail to produce a satisfactory
VDJ gene and therefore no heavy chain is expressed, the cell will be
non-functional. In the mouse, rearrangements to produce a functional Vl
gene occur for the k chain genes first. If both chromosomes fail to
give an adequate VJ rearrangement, then rearrangements occur on the 1
chain genes. As with VDJ genes, production of a functional VJ gene
terminates further rearrangements. It has been calculated that each
rearrangement lias a one in three chance of resulting in a continuous
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reading frame (Lewis et al 1985). This suggests that the importance of
always obtaining functional B cells has been sacrificed for the
advantages of increasing the antibody repertoire beyond that encoded by
the germ-line genes. It is proposed that it would be the fate of a
considerable number of cells to be non-functional. It is presumed that
these cells fail to leave their site of origin and die in situ.
LONG-TERM BONE MARROW CULTURES.
Two types of long-term bone marrow cultures have proved extremely
useful for studying B cell ontogeny. The Dexter culture system allows
the maintenance of HSC which coninually undergo myeloid and erythroid
differentiation (Dexter et al 1977). Whilst B lineage cells are not
found in these cultures, stem cells derived from these cultures will
give rise to B cells when transferred to irradiated recipients
(Nishikawa et al 1985). These stem cells migrate to the bone marrow and
produce LPS-responsive B cells after 11 days.
Whitlock and Witte have modified the original Dexter culture
conditions to provide a system for the growth of early lineage B cells
(Whilock et al 1985). Changing from Dexter to Whitlock-Witte (WW)
cultures results in a loss of erythroid and myeloid elements and the
development of pre-B and B cells. The growth of adherent cell
populations is a crucial feature of both types of long-term bone marrow
cultures. Clones of pre-B cells can be derived from WW cultures by A-
MuLv transformation (Whitlock et al 1983) and these cells can undergo
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Ig gene rearrangements but interestingly they appear not to undergo
isotype switching. Alternatively, short-term cultures of fetal liver
and bone marrow cells allow the rapid generation of clonally diverse,
isotypically diverse and functional B cells (Owen et al 1974, 1977,
Melchers 1977, Kincade et al 1981).
Adherent accessory cells have been found to be essential for the
growth of HSC precursor and pre-B cells in long and short term culture
systems. In addition, a variety of well defined factors influence pre-B
cell growth perhaps through accessory cells. These factors include IL3,
CSF-1 and GM-CSF (Paige et al 1984).
PHENOTYPIC ANALYSIS OF B CELL ONTOGENY.
Another method for following B cell ontogeny is the use of
monoclonal antibodies against cell differentiation antigens. Although
Ig is not expressed on pre-B cells, there is an increasing array of
monoclonal antibodies and other markers for non-Ig molecules on B
lineage cells. The B220 antigen is expressed on B lineage cells, though
not exclusively, and can be used to isolate pre-B and B cells from bone
marrow (Kincade et al 1981). The surface of pre-B cells in the mouse
bone marrow strongly binds the lectin peanut agglutinin (PNA). Binding
of PNA is lost soon after expression of IgM. This has led to
speculation that lectin-like binding properties may be involved in the
retention of pre-B cells within the bone marrow until they are
7
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sufficiently mature to exit (Osmond 1986).
B CELL ONTOGENY IN BIRDS.
In birds, the embryonic liver is never a site of haematopoiesis. B
cells are generated from stem cell precursors which migrate into the
bursa of Fabricius, an invagination of the cloaca or the terminal gut.
These stem cells enter the mesenchymal and epidermal tissue of the
bursa at about the eighth day of incubation (Moore and Owen 1965,
1966). Those in the epidermal lining of the bursa form foci of B
lineage cells. The immature B cells in the bursa have an average cell
cycle time of 8 to 10 hours. This massive rate of proliferation
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rapidly leads to the formation of approximately 10 lymphoid follicles.
These cells express MHC class II antigens by day 10 and slgM by day 11.
At hatching virtually all bursal cells (90-95%) express slgM. As in the
bone marrow of mice, B cell development can be investigated by a
variety of monoclonal antibodies to non-Ig molecules (Chen and Cooper
1986). In particular, antibodies to the allelic forms of the Bu antigen
and IgM have proved useful in defining the clonal development of B
cells (Ratcliffe 1985). Very few B cells exit from the bursa before the
16th day of incubation; therefore surgical removal at this stage
prevents the peripheralisation of B cells and results in
agammaglobulinaemia. (Click et al 1956, Cooper et al 1969). Later
removal can severely deplete the numbers of circulating B cells,
although this does not necessarily result in an immunological deficit.
8
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Finally the bursa involutes at the time of the bird's sexual
maturation. Therefore it appears that the bursa is solely responsible
for the generation of B cells during embryonic and early post-hatching
life of the bird.
B CELL ONTOGENY IN LAMBS.
In the lamb, B cell production has been demonstrated to occur in
the terminal ileum. The terminal ileum contains a large Peyer's patch
from approximately 60 days of gestation onwards. This continuous ileal
Peyer's patch (IPP) is composed of tightly packed follicles with little
interfollicular tissue and is histogically mature well before birth.
Post-natally, the IPP begins to involute and is virtually absent by 18
months of age. By contrast, the jejunal PP (JPP) are single discrete
organs and are composed of follicles with large interfollicular spaces.
The JPP are present pre-natally but their size vastly increases post-
natally due to challenge by exogenous antigen. The JPP continue to be
present throughout life (Reynolds and Morris 1983). The removal of the
IPP before or shortly after birth results in a severe deficit of Ig-
bearing cells in the blood. However these lambs had serum Ig levels
within the normal range. In addition, these animals were able to
respond to Salmonella muenchen organisms in similar fashion to intact
animals (Gerber, Morris and Trevella 1985). The prenatal exit of cells
from the IPP accounts for the presence of B cells (and therefore
antibody) in ileectomised animals and appears to be analogous to the
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situation in the chick embryo when bursectomy is performed after 16
days of incubation. The cells exiting the IPP colonise peripheral
secondary lymphoid organs (Maddox, MacKay and Brandon 1987a, 1987b,
1987c).
RATE OF MITOSIS IN THE IPP.
Using the metaphase arrest technique, it has been shown that 2.8%
of IPP cells entered mitosis every hour and that the potential doubling
time was about 36 hours compared to over 200 hours for the thymus
(Reynolds 1986). The enormous growth potential of the IPP must be
rigidly controlled to prevent over-production. Since greater than 95 %
of cells do not exit from the IPP, enormous cell death occurs in the
area. The mechanisms by which cell death is initiated and dead cells
removed are unknown. Thymocytes have been shown to undergo a distinct
process known as apoptosis (Duvall and Wyllie 1986) and it seems
reasonable to suggest that lymphocytes in the IPP undergo a similar
well-controlled process, rather than necrosis.
EMIGRATION OF CELLS FROM THE IPP.
When cells formed in the IPP were labelled by an extra-corporeal
perfusion system, it was shown that the vast majority of cells do not
exit Irom the IPP. Three days after labelling in vivo, cells that have
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emigrated are present in blood, spleen, peripheral and mesenteric lymph
nodes and the jejunal PP but not in the thymus or in the non-perfused
part of IPP. When a secondary antigen-reactive lymphoid organ, the
jejunal PP was labelled by identical techniques, the exiting cells were
found 24 hours later in lymph nodes, non-perfused JPP, spleen and blood
(Pabst and Reynolds 1986) but not the IPP. These results indicate that
1) the IPP is a region of intense lymphopoiesis,
2) the low percentage of cells which do exit the IPP are quickly
distributed among secondary lymphoid organs,
3) cells formed in a secondary lymphoid organ (the JPP) do not
recirculate to lodge in the IPP in substantial numbers.
These results confirm the hypothesis that the IPP is an unique part
of the lymphoid system, responsible for producing large numbers of
cells of which only a few will leave. In accordance with the antigen-
independant nature of its role, few mature recirculating cells enter
the IPP. Since antigen, cell surface molecules, such as MEL-14
(Gallatin, Weissman and Butcher 1983), and the high endothelial venules
of the lymphoid blood vessels all play a role in mediating
extravasation of lymphocytes, the reason for the apparent 'splendid
isolation' of the IPP is unknown.
PHENOTYPE OF THE IPP LYMPHOCYTE.
The IPP lymphocytes were further characterised by Miyasaka et al.
(1984) who prepared a single cell suspension of cells from the terminal
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ileum. The lymphocytes were obtained from the interface of a
discontinuous PercollR gradient and stained for lymphocyte membrane
molecules. The samples were analysed by flow cytometry and demonstrated
that the IPP cell expresses low amounts of IgM and MHC class II
molecules compared to peripheral lymphocytes. Cells expressing T cell
antigens or other Ig isotypes (IgG and IgA) were rare. Interestingly,
more than 95 % of IPP lymphocytes expressed binding for fluorescinated
peanut agglutinin (PNA) whereas B cells obtained from peripheral lymph
failed to bind PNA unless treated with neuraminidase. It has been
postulated that immature B cells may be retained in their site of
production by virtue of their lectin-like binding properies (Osmond et
al 1986). When IPP cells were cultured overnight with phorbal rnyristate
acetate, the expression of MHC class II and IgM increased substantially
(Miyasaki et al 1984). Unfortunately the effect of culturing cells in
media alone overnight was not included and this makes the significance
of this experiment difficult to judge.
MATURE B CELLS.
After displaying IgM on the cell surface, most mammallian B
lymphocytes coexpress IgD. The IgD and IgM heavy chains have the same
Vh region (Knapp et al 1982), exhibit allelic exclusion (Luzzati et al
1973) and are encoded on the same chromosome (Hertzenburg et al 1977).
It is proposed that membrane IgM and IgD heavy chains may be generated
\l
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from a single complex transcription unit (Maki et al 1981, Moore et al
1981, Knapp et al 1982, Tucker 1985). This transcript is approximately
25 kb long although its existence has not been formally demonstrated.
Yaoita et al (1982) have proposed that isotype switching is a two-step
event. Initially, isotype switching may proceed via differential
splicing of long RNA transcipts (Perlmutter and Gilbert 1984). Next,
recombinase activity at switch regions 5' to each heavy chain gene
deletes the DNA intervening between the Vh gene and the new Ch gene
(Davis et al 1980). Hence all clonal progeny of the initial IgM+ B cell
express the same antigen specificity. Interestingly, there is not a
switch region 5' to the c£ gene.
B CELL ACTIVATION BY ANTIGEN.
Antigen binds to membrane IgM and IgD on the surface of specific B
cells and can promote B cell activation in two distinct ways. First,
antigen-specific B cells can bind the antigen and present it very
efficiently to helper T cells (Lanzavecchia 1985). Antigen-specific B
cells can present antigen to T cells at concentrations of antigen 1000-
fold below that required by non-specific antigen-presenting cells (Rock
et al 1984, Tony and Parker 1985, Lanzavecchia 1985). This captured
antigen is internalised and selectively degraded by proteases (Metezeau
et al 1984, Buus et al 1986) although the pathways by which this occurs
is far from clear (Tony and Parker 1985). Certain peptide fragments can
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associate with MHC class II molecules (Babbitt et al 1985) which are
expressed on the cell surface. The antigenic fragments associate with
certain sites on the class II molecule (Germain 1986). The T cell
antigen receptor will bind to antigen or antigenic fragments in
association with MHC class II. Other interactions between cell surface
molecules occur, for example, the T cell antigen CD2/T11 interacts with
the LFA-3 molecule on the antigen presenting cell (Springer et al
1987) . It is also postulated that the "helper" T cell marker CD4 helps
to mediate transient low affinity interactions between cell by binding
to monomorphic determinants on MHC class II molecules. It has been
demonstrated that once an initial interaction has occurred between two
antigen-specific cells, the T cell rapidly accumulates additional TcR,
CD4 and LFA-1 molecules so that they are organised opposite to the
membrane of the B cell. The ligand for LFA-1 is the ICAM-1 molecule
(Springer et al 1987). These events are accompanied with a
reorganisation of the cytoskeleton and reorientation of the Golgi
apparatus. This sequence of events is similar to the lysis of target
cells by cytotoxic lymphocytes (Podack and Koningsberg 1984). Hence it
has been postulated that an activating factor may be inserted into the
interior of the B cell (Kupfer et al 1987). The mechanisms which allow
the initial close contact between the antigen specific cells in the
midst of overwhelming numbers of cells specific for other antigens is
unknown. The architecture of lymphoid organs is certain to play a role
in this "sampling" process.
Secondly, antigen binding to mlgM or mlgD on B cells can generate
transmembrane signalling reactions that may participate in the
14
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activation of the B cell. This signalling role for antigen receptors on
B cells has been substantiated by recent experiments demonstrating that
mlgM binding can activate the phosphoinositide pathway (Berridge and
Irvine 1985, Monroe and Kass 1985, Ransom and Cambier 1986). The
importance of B cell activation by antigen-binding to mlg has been
questioned by Lanzavecchia (1987). Lanzavecchia has calculated that
under conditions at which antigen-presentation by B cell occurs, only
0.05% of membrane Ig molecules are occupied by antigen and postulated
that B cells operate as selective "vacuum cleaners" to rapidly
internalise antigen. Once sufficient antigen has accumulated in the
cytoplasm, the re-expression of antigenic peptides with MHC class II
molecules (Babbitt et al 1985) is sufficient for antigen-presentation
to T cells.
B CELL ACTIVATION BY POLYCLONAL ACTIVATORS.
B cells can also be stimulated to proliferate and differentiate by
another class of B cell activators, molecules derived from the surfaces
of some bacteria and viruses. The best studied of these compounds is
bacterial lipopolysaccharide (LPS). Although a great deal is known of
the cellular effects of LPS on B cells and macrophages (Morrison and
Ryan 1979), the molecular details by which LPS activates these cells
largely remains a mystery. De Franco et al (1987) report that LPS
activates one of a class of signalling compounds known as G proteins.
As activation of these components is known to be stimulated by a wide
IS
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range of receptors for hormones and neurotransmitters, it is likely
that LPS also utilises a specific cell surface receptor. Since a wide
range of bacterial and viral surface structures function as polyclonal
B cell activators, it is attractive to suggest that a mechanism has
evolved in the immune system to aid B cells and macrophages to respond
to pathogenic microorganisms.
B CELL GROWTH.
The central feature of the humoral immune response is that when
quiescent B lymphocytes encounter antigen they become activated,
proliferate and differentiate to become antibody secreting cells.
Because resting lymphocytes specific for any individual antigen are
present at low frequency prior to immunisation, rapid cell expansion is
a critical phase of the immune response. Thus, part of the immune
system is concerned with a differentiation pathway, the end-point of
which is the plasma cell. Each plasma cell is unique in the sense that
a clonal specificity relevant for a given antigenic epitope regulates
the amplification of a given B cell clone. This is the basis for clonal
selection (Jerne 1955, Burnet 1957). Clonal expansion and
differentiation requires the participation of helper T cells and
accessory cells such as macrophages. Recently, it has become clear that
the helper function of T lymphocytes can be explained by their
production of growth and differentiation factors (lymphokines) that act
on B cells (Melchers and Andersson 1S86).
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A MODEL FOR THE REGULATION OF B CELL PROLIFERATION.
A resting B lymphocyte is activated b5r antigen and a T helper cell
to become an activated B cell. This initial step can also be
accomplished by using polyclonal B cell activators such as anti-Ig or
LPS. Once activated, the B cell has acquired the ability to respond to
soluble lymphokines which will support exponential growth and
differentiation to immunoglobulin-secreting cells. This model has
proved to be over-simplistic. While the early characterisations of B
cell acting lymphokines indicated that the same factor could induce
both growth and differentiation of B cells (Andersson et al 1980,
Melchers et al 1980), later reports indicated that some factors would
only support growth or differentiation (Howard and Paul 1982, Lernhardt
et al 1982, Leanderson et al 1982). After the isolation of the genes of
two of these lymphokines, IL4 and IL5 (Noma et al 1986, Kinashi et al
1986) it is clear that this variation is more related to the assay
system used than to the lymphokines themselves. Thus there is no
evidence of any lymphokine that will selectively support B cell growth
or induce differentiation only. In addition, IL4 has been shown to act
at the level of the resting B cell (Roehm et al 1984), as has a
separate lymphokine that awaits identification (Leclerq et al 1984).
Three restriction points controlling proliferation of pre-activated
B cells have been defined (Melchers and Lernhardt 1985). One of these
points was defined by the action of anti-IgM while the other two were
defined by the action of soluble factors chronologically referred to as
and 13 factors. In the ausenoe of any of these signals the cell cycle
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progression is arrested at the appropriate point, whilst if present
100% of cells will proliferate for several divisions.
LYMPHOKINES.
As described above, the division of lymphokines into growth and
differentiation factors has had to be reconsidered. Interleukin 4 is a
good example of a pleiotropic factor. IL4 was first postulated to act
as a B cell growth factor because it could costimulate with anti-Ig and
cause proliferation of resting B cells (Howard et al 1982). But IL4 can
also induce the expression of class II MHC molecules (Roehm et al 1984,
Noelle et al 1984) and low affinity receptors for the Fc portion of IgE
on resting B cells (Hudak et al 1987, Defranee et al 1987). Moreover
the cloning of the cDNA encoding murine IgGl inducing factor (Noma et
al 1986) has indicated that it is IL4. IL4 has also been shown to
increase IgE production by activated murine B cells (Coffman et al
1987). Clearly IL4 has both growth and differentiation properties.
Human IL4 has been recently identified on the basis of its homology
with a murine IL4 cDNA clone (Yokota et al 1986). The properties of
human IL4 on human B cells are similar to the murine system although
increases in MHC class II expression are not observed.
Murine BCGF II (IL5) was initially described as a growth factor for
a murine B cell lymphoma, BCL1 (Swain and Dutton 1982). It has since
been shown to cause DNA synthesis and IgM and IgG secretion by
preactivated normal murine B cells (O'Garra et al 1986) and also
is
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enhance the production of IgA by activated B cells (Yokota et al 1987,
Coffman et al 1987). Its effects are not confined to be B cells as it
can induce the differentiation of thymocytes into cytolytic T cells
(Takatsu et al 1987) and bone marrow stem cells into eosinophils
(Sanderson et al 1986). Human IL5 has also been cloned and mediates
similar functions to murine IL5 (Yokota et al 1987). The differences
between the species may not be significant as they are likely to be
related to
1) the source of B cells, for example, in human assays
peripheral blood or the tonsil is used as a source of B cells whilst in
murine assays splenic B cells are used.
2) the purity of B cells and
3) the assay system used.
BSF-2 (IL6) was first identified in humans by its ability to induce
antibody secretion by preactivated normal and Epstein-Barr virus
transformed human B cells (Hirano et al 1987). It is identical to a
plasmacytoma/hybridoma growth factor (Van Damme et al 1987) and to a
factor with anti-viral activity, interferon 732 (Haegeman et al 1986).
Whilst some B cell-acting factors eg IL4 have been shown to have
activities on other cell types, other lymphokines originally thought to
influence cells other than B cells are now known to modulate B cell
function. Interleukin 1 (IL1) causes pre-B cells to express membrane Ig
(Giri et al 1984) and enhances the proliferation of activated B cells
(Pike and Nossal 1985) . However much of the work with IL1 has been
performed using crudely purified preparations and requires to be
repeated with recombinant material.
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The role of interleukin 2 in B cell physiology has been
controversial (Julius et al 1985) , but it is now clear that it is
involved in B cell proliferation (Zubler et al 1984, Romagnani et al
1985, Nakagawa et al 1985). In some experiments, B cells have been
induced to differentiate to Ig secretion in response to IL2 (Jelinek
and Lipsky 1987, Bich-Thuy et al 1985).
The importance of gamma-interferon in B cell proliferation and
differentiation remains unresolved. Recombinant g'amma-IFN enhances
antibody secretion in mice and humans. Synergy with IL1 (Leibson et al
1984) and IL2 (Jelinek and Lipsky 1987) has been observed. However,
gamma-IFN exerts both stimulatory and inhibitory influences on antibody
production. Whilst gamma-IFN enhances the IgG2a response by activated
murine B cells (Snapper and Paul 1987), it also suppresses the
enhancement of Ig'Gl and IgE secretion in LPS blasts induced by IL4
(Coffman and Carty 1986). In the mouse, gamma-IFN and IL4 are produced
by distinct subsets of helper T cell lines Thl and Th2 respectively
(■•Moooman and Cuf fim.ui 1007) . The reciprocal interaction of these subsets
may determine the outcome of a humoral immune response in vivo.
In addition to factors produced by other cell types, B cell-derived
factors may play a role in B cell development. A number of B cell lines
produce factors which enhance their growth; soluble Fc Rs (CD23
antigens) have also been reported to stimulate B cell growth (Gordan




FACTOR SOURCE MOL. WT. CLONED?
IL1 Various 14-17 kD Yes
IL2 T cells 15-25 kD Yes
IL3 T cells 28 kD Yes
IL4 T cells 15 kD Yes
IL5 T cells 45-60 kD Yes
IL6 Various 30 kD Yes







Growth of pre-B cells.
Activates resting B cells.
Increased la expression.
Increased Fc R expression.




secretion of IgM, IgGl and IgA.
Increased expression of IL2R on
activated cells.
Induces growth of plasmacytomas
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gamma- T cells ? Yes
IFN
and Ig secretion in activated B
cells.
Induces Ig proliferation and
secretion with IL2. Inhibits
IL4-mediated effects.
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ASSAYS FOR B CELL-ACTING FACTORS.
There are three basic assay systems for B cell growth and
differentiation factors. The first is the tumour model (Hirano et al
1986, Swain 1985), putative lymphckines are added to the target tumour
cells (often the murine lymphoma, BCLi) and improved growth or Ig
secretion are measured by conventional means. The advantage with this
type of assay is that the target cells are cloned and well
characterised. The absence of contaminating cell types is assured but
there is difficulty in extrapolating data obtained on such abnormal
cells to normal B cells. The second type of assay is the co-stimulatory
assay (Howard et al 1983). In this assay, normal resting B lymphocytes
are cultured with antigen or mitogen under sub-optimal conditions and
the added lymphokine increases or decreases the measured responses. The
assays described in this thesis correspond to this type of assay. The
third type of assay is the pre-activation assay (Leanderson 1985).
Resting B cells are cultured with a mitogen and the blast cells are
recovered, usually by density fractionation and cultured in lymphokine-
containing supernatants. Since mitogens such as LPS and anti-Ig are
extremely difficult to wash off cells, these assays are in reality
likely to be co-stimulatory.
INTRODUCTION TO THIS THESIS.
The sheep is an important animal in immunological research. The
21
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size and temperament of sheep make them ideal for studies for which
mice and man are equally poorly suited but for differing reasons. The
ability to cannulate the efferent lymphatics of sheep allows the events
in a single lymph node to be studied. Similarly, the advances in
technologies relating to separation, phenotyping and culture of cells
has allowed the contribution of various cell types to be determined.
The demonstration that soluble factors play an important role in the
control of B cell differentiation prompted this investigation on sheep
B cells. The events of sheep B cell differentiation have not been
described before.
In order to perform this work it was necessary to develop methods
for obtaining purified resting B cells. The IPP is an ideal and
plentiful source of such cells. This is a major advantage of this assay
compared to those previously available. The development of this model
required the phenotyping of the IPP cell and methods for quantifying B
cell differentiation. This was facilitated by producing and
characterising monoclonal antibodies specific for sheep
immunoglobulins. These were successfully used to considerably advance








In order to investigate the control of B cell differentiation in
sheep, it was necessary to produce reliable specific probes for ovine
immunoglobulins. The basic structures of ovine Igs is similar to the
mouse and human, being composed of covalently- linked light and heavy
chains. As with other species the Ig heavy chains can be divided into
isotypes and immunoglobulins of the Ig'M, IgG and IgA classes have been
described. IgB and Ig'E have not been described in the sheep.
IgM is the earliest Ig to appear during development and is found in
serum and on cell surfaces. It is thought that membrane IgM plays an
important role in antigen binding and consequently in B cell
activation. Serum IgM is a highly efficient agglutinin and fixes
complement. The IgG class is split into IgGl and IgG2. There are such
distinct differences between the sub-classes, that it has been proposed
that they constitute infra-class rather than intra-class differences
(Butler 1936). There is no antigenic cross-reacivity between the
constant regions of the heavy chains and the immunoglobulins are easily
separated by ion-exchange chromatography due to their distinct
isoelectric points. The functions of the classes are also distinct.
IgGl is the predominant immunoglobulin in serum, lymph, colostrum,
intestinal secretions, and alveolar secretions. It fixes complement
well and is responsible for the passive transfer of systemic immunity
to the young ruminant. IgG2 is found in lower concentrations and fixes
complement well. However it is 100 times as efficient as IgGl at
inducing antibody-dependant cytotoxicity (ADCC). Macrophages have been
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shown to express receptors for the IgG classes.
IgA. is found in intestinal, bronchial and other mucosal secretions.
As in other species, IgA does not appear to have an array of effector
mechanisms but functions as an 'antiseptic paint'. IgA predominates in
milk (but not colostrum) , and passively protects the neonatal gut by
preventing adherence of pathogenic organisms. The IgA found in milk is
largely synthesised in the mammary gland reflecting the gut-mammary
recirculation of lymphocytes. By contrast, the Ig'Gl found in colostrum
is transferred from serum into the mammary gland lumen at impressive
rates during the last stages of gestation. Receptors for IgGl have been
described in the bovine mammary gland epithelium.
One Ig light chain class accounts for the vast majority if not all
the Ig light chain in sheep. Based on C- and N-terminal sequence
analysis and peptide mapping, Hood et al (1967) reported that
1) the peptide map of ovine light chains is strikingly simple compared
to those from species known to have two light chain classes;
2) the N-terminal sequence of ovine light chains is
blocked at the amino group. This is characteristic of lambda chains;
3) serine was the C-terminal amino acid in sheep light
chains, this is indicative of lambda chains. The authors concluded
that the lambda light chain vastly predominates in the sheep.
Similarly, Hood et al found only one light chain class in the cow and
this is supported by findings from the few bovine myelomas described so
far (Beal and Squires 1970)
Initial attempts to obtain polyclonal antisera that defined the
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ovine isotypes resulted in the production of an antisera speciic for ck
chain (Figure 1). This antisera recognised a 59 Id) protein in ovine
intestinal lymph by Western blotting (data not shown). Further attempts
to produce an identical preparation were unsuccessful. Similarly, the
contamination of IgA and Ig'G2 preparations with lgGl made repeated
absorptions necessary7. In order to overcome these problems, it was
decided to produce and characterise monoclonal antibodies to ovine
immunoglobulins.
The advantages of monoclonal antibodies are
1) the ability to produce highly7 specific antibodies
despite the lack of ovine immunoglobulin standards or highly purified
Igs. IgGl is a common contaminant of preparations of IgA and IgGl
prepared by standard biochemical methods;
2) the ability to produce an antibody probe with unique
specificity. Once cloned and characterised, the antibody can be
produced with confidence that unwanted specificities will not be
present;
3) the ability to produce vast quantities of antibody
with this specificity. This allows the reagent to be used in a variety
of applications such as affinity chromatography7, immunofluorescence,
immunohistology and immunoassays. This is in contrast to the situation
with monospecific polyclonal antibodies which are usually extremely
difficult to produce in large quantities and therefore are used as
economically as possible. This almost certainly excludes exchanging
reagents with fellow workers and has prevented the establishment of
world-wide ovine Ig standards. By contrast, the availability of
2cr~
Figure 1 . Immunoelectrophoresis of immunoglobulin preparations
and precipitation by rabbit antisera.
Preparations of IgM, IgGl (Gl), IgG2 (G2), and IgA were run
in an agarose gel as described. IgA was prepared from intestinal
lymph (Ail) and from lung fluid (Alf). After electrophoresis, the
troughs were removed and filled with 1) rabbit anti-normal sheep
serum serum and 2) rabbit anti-sheep IgA heavy chain serum. The











monoclonal antibodies to ovine immunoglobulins in the near future will
help to correct this situation. It is hoped that the reagents to be
described in this chapter will contribute to this advance.
The aim of this work was to produce and characterise monoclonal
antibodies to ovine immunoglobulins. In particular, it was wished to
produce reagents specific for IgM and Ig light chain. These reagents
were successfully used in a variety of applications and were of crucial
importance in the work described in following chapters.
PRODUCTION OF MONOCLONAL ANTIBODIES TO OVINE IMMUNOGLOBULINS.
Mice were injected subcutaneously with 50 JJg ovine IgGl, prepared
by ion-exchange chromatography, in complete Freund's adjuvant. This was
followed by twice-repeated intra-peritoneal injections of the same
antigen in PBS. The sera from these mice was assayed by ELISA for
binding to IgGl. Four days after a final intravenous injection, the
mice were killed by cervical dislocation and their spleens were removed
by sterile technique. The fusion protocol was as described in the
Appendix.
Wells which showed evidence of hybridoma growth were screened for
anti-IgGl antibodies by ELISA, those positive by this assay were
transferred to 24 well plates and retested. Hybridomas were cloned by
limiting dilution using normal mouse spleen cells as filler cells.
5o
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SPECIFICITY OF MONOCLONAL ANTIBODIES.
The supernatants of the cloned hybridomas were tested by
protein blotting. Thirty jpg of IgGl was run on a 10% acrylamide gel per
track under reducing conditions. The separated proteins were
transferred to nitrocellulose paper which was then cut lengthwdse and
individually probed for two hours. The result of this experiment is
demonstrated in Figure 2 for two hybridorna supernatants; VPM 8 and VPM
6.
VPM 8 binds to a polypeptide with a molecular weight of
approximately 27 kD while VPM 6 binds to a heavier chain at 55 kD.
These are the molecular weights of ovine light chain and IgGl-heavy
chain respectively (Butler 1984 and personal observations). An
identical binding pattern was obtained when a variety of
immunoglobulin-containing fluids were used eg serum, lymph, and
colostrum (data not shown).
MONOCLONAL ANTIBODY REACTIVE WITH OVINE IgM.
Workers at the Moredun Research Institute isolated a murine
hybridoma (VPM13) which produced a putative anti-Ig'M antibody. Dr. Hugh
Millar kindly allowed me to have hybridoina cells in order to do seme
further characterisation.
Figure 2. VPM 8 and VPM 6 recognise different molecular weight
components of IgGl.
Ovine IgGl was run on a 10 % SDS-PAGE gel under dissociating
conditions. After protein blotting, the nitrocellulose paper was
probed with a) VPM 6 and b) VPM 8. The molecular weights of the
bands are shown.





AFFINITY PURIFICATION OF THE ANTIGEN (S) RECOGNISED BY VPM 6.
VPM 6 antibody was affinity purified from ascitic fluid produced in
mice injected intra-peritoneally with VPM 6 cells. This antibody was
coupled to CNBr-activated Sepharose to produce a VPM 6-Sepharose
column. Protein was purified from normal sheep serum using this column
and this was analysed by SDS-PAGE and Immunoelectrophoresis (IEP). By
SDS-PAGE, this protein consists of two polypeptides at 28 and 55 kD
(Figure 3). When transferred to nitrocellulose paper, VPM 6 binds to
the high molecular weight band while VPM 8 binds to the low molecular
weight band. By IEP, the protein purified by VPM 6-Sepharose shows
mobility characteristic of ovine IgGl and distinct from that of IgG2
and IgA (Figure 4).
AFFINITY PURIFICATION OF THE ANTIGEN(S) RECOGNISED BY VPM 13.
VPM 13 antibody was purified from ascitic fluid by affinity
chromatography on Protein A-Sepharose and insolubilised onto Sepharose
beads. This column was used to purify the antigen(s) recognised by VPM
13 from serum and intestinal lymph. When examined by SDS-PAGE (Figure
3), the purified protein was found to consist of two bands at 78 kD and
28 kD. VPM 8 bound to the latter by protein blotting (data not shown) .
VPM 13 did not bind to any bands in a variety of body fluids or
immunoglobulin preparations by Western blotting.
Figure 3. The antigens recognised by VFM 13 and VFM 6.
Monoclonal antibodies, VPM 13 and VPM 6 were used to affinity
purify their specific antigens b and c respectively, from normal
sheep serum (d). The purified material was run on a 10 % SDS-PAGE
gel under dissociating conditions. The gel was stained by 0.025%










Figure 4. Immunoelectrophoresis of the VPM6-antigen.
The antigen isolated using VPM6-Sepharose was analysed by
Immunoelectrophoresis. A: affinity-purified VPM6 antigen. B:




IMMUNOFLUORESCENCE ON OVINE TISSUES.
The supernatants from these positive hybridomas were tested by
immunofluorescence for binding to lymphoid cells from various sources.
The results by flow cyometric analysis are shown in Table I. Both these
reagents recognise cell surface molecules. The anti-light chain reagent
and rabbit anti-sheep Ig antibody stain a similar percentage of cells
from each source. This was expected as there appears to be only one
isotype of light chain in the sheep (Hood et al 1967). An anti-Class II
/?-chain monoclonal antibody (VPM 16) from Drs.Hopkins and Dutia is
included as a positive control.
IMMUNOHISTOLOGY.
The distribution of the antigens recognised by these mAbs was
determined by immunohistology on cryostat sections of spleen, thymus,
and lymph node. As can be seen in Figures 5 and 6, VPM 8 and VPM 13
recognise follicular accumulations of cells in the B cell areas of
spleen and lymph node. In particular, it can be seen that VPM 8 and VPM
13 stain the lymphoid tissue around the arterioles of the spleen. As
expected from the immunofluorescence results, VPM-6 resulted in very
little staining of organised lymphoid tissues.There was no staining of
the thymic follicles with any of the monoclonals (VPMs 8, 6, & 13),
though there was variable staining of the interfollicular tissue due to
its serum Ig content.
Table I. Reactivity of monoclonal antibodies specific for sheep
immunoglobulin with various lymphoid tissues.
Lymphocytes from the spleen, thymus and spleen were prepared
and stained using murine monoclonal antibodies to sheep
lymphocyte antigens. The samples were analysed by flow cytometry.
The percentage of positively staining cells is reported.
ND = not determined.
Reactivity of monoclonal antibodies specific for sheep inmunoglobulin with
various lymphoid tissues.
Specificity. Percentage of positive cells.
Tissue.(Lamb/adult).
Spleen Peripheral blood lymphocytes Thymus
(lamb) (adult). (lamb). (lamb) . (lamb)
Ig light-chain 27 36 79 59 2
IgM 23 18 72 50 1
- IgGl 3 6 13 10 2
MHC class II ND 42 78 ND 17
Negative <1 <1 <1 <1 <1
TABLE I.
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Figure 5. Reactivity of monoclonal antibodies to lymphocyte
antigens in sheep spleen.
Cryostat sections of sheep spleen were prepared and stained
indirectly using a) VPM-8, b) VPM-£, c) VPM 16 (anti-MHC class
II), and d) anti-HCG (negative control). Original magnification x
250. Counterstained with methylene green.
 
Figure 6. Reactivity of monoclonal antibodies to lymphocyte
antigens in sheep lymph node.
Cryostat sections of sheep mesenteric lymph node were
\J>
prepared and stained indirectly using a) VPM-8, b) VPM-#, c) VPM
16 (anti-MHC class II), and d) anti-KCG (negative control).
Original magnification x '250. Counterstained by methylene green.
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DEVELOPMENT OF AN ELISA TO QUANTITATE IMMUNOGLOBULINS.
A rabbit anti-ovine light chain antisera was prepared by immunising
with affinity-purified IgM and sera were absorbed onto IgGl-Sepharose.
The specificity of the eluted material was demonstrated by Western
blotting. This antibody was diluted in coating buffer ( Nakamura,
Voller and Bidwell, 1986) to 3jJg/ml and 100|jl was placed in each well
of an ELISA microtitre plate (Dynatech Laboratories LtdEngland). This
was incubated overnight at 4°C in a humid chamber.
The coating solution was removed and two hundred microlitres of 1%
bovine serum albumin in PBS (PBS-BSA) were used to reduce non-specific
binding in each well. The plates were washed in PBS-BSA with 0.05%
Tween-20 ( PBS-BSA-Tw20) and then incubated with IOOpl of each sample.
After 45 minutes the plates were washed three times in PBS-BSA-Tw20 and
then incubated with monoclonal anti-sheep light chain (VPM-8)
supernatant for a further 30 minutes. Rabbit anti-mouse Ig'G (H+L)
immunoglobulin conjugated to HEPx was either purchased from ICN
(Israel) or was prepared in the laboratory by myself. After washing the
plates as above, this reagent was diluted in PBS-BSA-Tw20 and lOOpl
added to each well for 30 minutes. The wells were washed five times
and 150pl of freshly prepared substrate added. Forty milligrams of
ortho-phenylene diamine (OPD) was dissolved in 100 mis of 0.1 M
citrate-phosphate buffer pH 5.0 with 40 jjl of hydrogen peroxide. The
reaction was allowed to continue in the dark for 20 minutes and was
stopped with 50 pi of 2 M sulphuric acid. Absorbance was read at 492
nm on an automatic photometer (Titertek). Hie optimal concentration of
4o
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each reagent was determined using a chequerboard arrangement of ELISA
plates with vertical and horizontal titrations. Trie optimal incubation
times and washing proceedures were determined on replica plates.
.Affinity-purified IgGl was used as a reference. The immunoglobulin
concentration was determined using the Bio-Rad protein assay according
to the manufacturer's instructions. Tie immunoglobulin standard was
kept at 4°C in 50 mM tris 0.15 M NaCl pH 8.0 with 1% BSA to aid
stability. The standard sample kept under these conditions showed no
loss of antigen over six months when compared to a duplicate vial kept
at -70°C. Doubling dilutions in the range of lO-lOOOOng/ml were
included in triplicate. The mean and standard deviation of the
absorbance were calculated for each reference sample, the standard
deviation was always less than 10% of the mean. Immunoglobulin
concentrations of samples were derived by plotting a standard curve of
logio immunoglobulin concentration against absorbance at 492 nm. This
resulted in a linear correlation over the range 50-5000 ng/ml {Figure
7).
This assay has been principally used to detect total immunoglobulin
using the monoclonal anti-immunoglobulin light chain. This is possible
as there appears to only one light chain in ruminants, the lambda chain
(Hood et_al, 1967, Butler 1983).
It was initially intended that this ELISA should be used to
determine total Ig concentration in a variety of ovine body fluids.
However, in the case of serum for example, it was neccessary to dilute
samples to at least 1/100,000 in order to get optical density readings
in the desired range. This limits the wider use of this particular
Figure 7 A representative standard curve derived from the ELISA
for immunoglobulin.
Doubling dilutions of affinity purified IgGl of known protein
concentration, were analysed in triplicate. The mean absorbance
at 492 nm of each protein concentration was calculated.




















ELISA for such work. An advantage of using an indirect system to detect
the bound murine antibody is that this assay is easy to adapt for other
mouse antibodies such as the anti-Ig'M or anti-IgGl monoclonal
antibodies or for screening large numbers of supernatants of putative
anti-immunoglobulin hybridomas.
DISCUSSION.
This chapter describes the use of hybridoma technology to prepare
monoclonal antibodies of well defined specificity against sheep
immunoglobulins. VPM 8 recognises immunoglobulin light chain under a
variety of conditions, including high concentrations of detergent.
Similarly, VPM 6 binds to immunoglobulin IgGl heavy chain. VPM 13 binds
to sheep IgM as demonstrated by its ability to affinity purify the
whole molecule and its failure to bind to preparations of other
immunoglobulin isotypes by ELISA. The molecular weight of ovine jj chain
is similar to that recorded in other species. This is not surprising as
the 1 iin is strongly conserved across species. The polypeptide
recognised by VPM 13 could not be determined by Western blotting. This
indicates that either the intact epitope requires the IgM heavy and
light chains to be covalently linked or that the epitope on the IgM
heavy chain is lost under dissociating conditions.
Tiie anti-light chain appears to recognise all IgM bearing cells in
the IPP by immunofluorescence (see Chapter Three) and stains a similar
number of cells to polyclonal anti-Tg sera. Since serological cross-
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reactivity between the lambda and kappa light chains has not been
recorded in other species, it appears that one immunoglobulin light
chain isotype predominates in the sheep. This confirms the work of Hood
et al (1967) who proposed that lambda is the predominant isotype. This
is identical to the situation in the bovine. No kappa light chain was
present in the only bovine myeloma proteins found so far (Beal and
Squires 1970). The reason for this apparent discrimination against
kappa light chains is unknown.
In the mouse, lambda light chains are only rearranged when there
has been a failure to produce a functional kappa gene on both
chromosomes. Hence in mouse, there is a predominance of kappa genes in
the approximate ratio of 20:1. The order in which the sheep light chain
genes are rearranged is obviously unknown but in other species studied
to date have been similar to the mouse. Even if the reverse situation
applies in the sheep, it is unlikely that successful rearrangements on
the first isotype (lambda) genes could so effectively exclude the
second (kappa). Lewis et al (1985) have calcualated that only 33% of
light chain rearrangements at a locus will be successful. The
implication is that via a mechanism at present unknown, rearrangements
of the kappa genes do not occur or are destined for failure. Hi is would
mean that for a functional light chain gene to be produced, one of the
lambda gene rearrangements must be successful. As discussed above, this
is not a frequent occurence and must contribute production of large
numbers of non-functional B cells. This may have significance with
respect to the low numbers of cells exiting the ileal Peyer's patch
compared to the cells produced in that region.
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The development of these monoclonal antibodies has allowed the
production of useful reagents for the detection of both soluble and
membrane immunoglobulin. In the case of soluble immunoglobulin it has
been possible to devise an enzyme immuno-assay to detect immunoglobulin
present at low concentrations (>10 ng/ml). In addition these reagents
have been used to immunopurify sheep immunoglobulins for further-
studies . It is hoped that continued attempts to produce monoclonal
antibodies against sheep immunoglobulin isotypes will be successful and






The ileal Peyer's patch is an important source of B cell production
in lambs. The phenotype of the IPP lymphocyte has been analysed by
Miyasaki et al (1984) using polyclonal sera to sheep Ig and this
supports the hypothesis that the IPP is composed almost entirely of B
cells, the vast majority of which express IgM and MHC class II
antigens. The development of monoclonal antibodies to sheep Ig's and in
particular to IgM and Ig light chain has allowed more critical analysis
of the IPP lymphocyte and this is described in this chapter. In
addition, the availability of monoclonal antibodies to other sheep
lymphocyte antigens has reinforced the hypothesis that the IPP is
almost entirely composed of B cells. As such it can be considered that
the IPP is the true equivalent of the bursa of Fabricius in birds, a B
cell primary lymphoid organ.
IgD is frequently coexpressed with IgM on B human and murine B
cells particularly those which have never encountered antigen or other
positive stimuli. Although Ig'D has not been definately shown to possess
a particular function in B cell physiology, it is assumed that it may
play an important role in initial binding of antigen to the surface of
B cells. This is reinforced by the finding that quantitatively IgD is
the major immunoglobulin on the membrane of resting B cells. Since IgD
has not been demonstrated previously, the availability of monoclonal
4*
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antibodies to sheep Igs allowed an analysis of the total surface Igs of
the IPP lymphocyte for the first time. The preliminary findings suggest
that there is a major immunoglobulin species on the surface of IPP
lymphocytes and this novel Ig' is almost certainly coexpressed with IgM.
GROSS ANATOMY OF THE ILEAL PEYER'S PATCH OF LAMBS.
The ileum of lambs is the terminal part of the small intestine and
joins the caecum distally at the ileo-caecal valve (Figure 8). At the
abbatoir, the abdominal contents are removed within 15 minutes of
stunning and bleeding and are placed on moving trays. The ileal Peyer's
patch is clearly visible extending along nearly 1 metre of the terminal
small intestine. The last 15-20 cms of the ileum has a double
mesentery, a major contribution from the common mesentery and a branch
from the caecum; the ileo-caecal fold. This "landmark" allowed me to
always take specimens from within the same anatomical area.
When the intestine is opened along the attached border, the
continuous IPP can be seen on the opposite border occupying
approximately 50% of the gut circumference. The IPP is a distinct
raised area surrounded on either side by normal intestinal tissue
(Figure 8b).
DEVELOPMENT OF THE IPP IN UTERO.
k°l
Figure 8. The gross anatomy of the IPP.
The abdominal viscera of a lamb are shown in (a). The caecum
and ileum are indicated. The area from which the IPP is obtained
is marked between the small arrows (approximate distance = 15
cms) . In (b) , the ileum has been opened along the mesenteric
border. The width of the IPP is demonstrated by the large arrows
(approximate distance = 2 cms).
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The IPP develops early in utero (Reynolds and Morris 1983) The
samples shown in Figure 9 were taken from a foetus of approximately 90
days gestation as judged by foetal length and hair development (the
full length of gestation is 150 days). These show the developing
follicles already containing IgM bearing cells. As this IPP was
detectable by immunohistology for a considerable proportion of the
foetal gut; the cells of the IPP must contribute a high percentage of
the total lymphoid population at this stage of in utero development. By
contrast, the spleen only showed occassional disordered accumulations
of cells that stained for immunoglobulin (Maddox, MacKay and Brandon
1987a,b,& c and Figure 10). The liver does not appear to have any Ig
bearing cells at this stage of development (data not shown) while
attempts to obtain foetal bone marrow were unsuccessful. A1 Salami et
al (1985) reported that the foetal bone marrow and liver are
lymphopenic.
HISTOLOGY.
As can be seen from the paraffin section of the IPP of a six month
old lamb stained with haematoxylin and eosin (Figure 11), the lymphoid
tissue in this area consists of tightly packed follicles in the sub¬
mucosal area. There is very little inter-follicular tissue
characteristic of Peyer's patches in other species and the jejunal
Pever's patch of sheep. Each follicle in the IPP is composed of a dense
Figure 9. Immunohistology of foetal IPP.
The IPP was taken from a sheep foetus (approximate
gestational age 90 days) and stained for b) Ig light chain, c)
IgM, and d) HCG (negative control). Counterstained by methylene
green. Foetal IPP stained by H & E is shown in (a) . Original
magnification in (a) = 250, (b) and (c) = 100, (d) = 40.
 
Figure 10 . Inununohistology of foetal spleen.
The spleen was taken from a sheep foetus (approximate
gestational age 90 days) and stained for b) Ig light chain, c)
IgM, and d) HCG (negative control). Counterstained by methylene
green. Foetal spleen stained by H & E is shown in (a). Original
magnification x 100.
 
Figure 11. Histology of the ileal Peyer's patch.
Paraffin-embedded sections of IPP were stained using
haematoxylin and eosin. (f) follicles, (if) interfollicular area.
Original magnification (a) = 40, (b) = 250.
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accumulation of cells enclosed by a small amount of connective tissue.
The follicles are elongated parallel to the rauius of the ileum.
IMMUNOHISTOLOGY OF THE IPP OF A SIX MONTH-OLD LAMB.
The IPP can be stained using the available monoclonal antibodies
directed against ovine lymphocyte surface antigens {Figure 12). The
monoclonal antibodies used are described in the Appendix. All follicles
stain for immunoglobulin light chain with increased density near the
centre of the follicle. This nag indicate centripetal maturation of the
cells prior to exiting the IPP. There is also staining of the mucosa
and connective tissue, this is due to the high concentrations of
circulating immunoglobulins which penetrate the connective tissue and
become fixed there during processing of the section. This complication
affects all immunohistological staining for immunoglobulin (Rouse and
Warnke 1986) and is a particular problem when staining for IgGl which
because of its size and high seruin concentration results in a high
degree of staining for the follicle capsule. The anti-IgGl antibody
only stains the very centre of each follicle. On closer examination, it
can be seen that this does not resemble the "honeycomb" circum-cellular
pattern of staining seen with anti-Ig'M and anti-light chain. Staining
by anti-IgGl antibody is likely to be due to the increasing amount of
connective tissue support at the centre of the follicle. This is
substantiated by the immunofluorescence data (see later). On the other
hand, due the likelv large size of the IgM molecule, it does not
Figure 12 . Immunohistology of the ileal Peyer's patch.
Cryostat sections of the IPP were prepared and stained for a)
Ig light chain, b) IgM, c) IgGl, d) CDS, e) CD4, f! CD8, g) MKC
class I, h) MHC class II, i) LCA, j) HCG (negative control).
Counterstained by methylene green. Magnification x 100.
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penetrate connective tissue easily. This is demonstrated by the reduced
staining of connective tissue with the anti-IgM antibody. All follicles
stain well for IgM and demonstrate that the level of light chain
staining is due, at least in part, to the expression of IgM.
Staining of IPP sections by anti-MHC class II reagents shows that
the follicles are composed of class II positive cells. The staining is
more intense centrally. Staining for MHC class I antigens appears to
uniform across the follicle but it is evident that staining of the
mucosal tissue is more intense.
The mucosal tissues do not stain for leucocyte common antigens
while the folliclar tissue is positive.
Using monoclonal antibodies against surface antigens associated
with T cells such as T1,T4 and T8 results in no staining of follicles
above background. The negative control was a mouse monoclonal antibody
directed against human chorionic gonadotrophin hormone supplied by Mr-.
J.N. Flynn of this department.
PREPARATION OF ILEAL PEYER'S PATCH LYMPHOCYTES;
Short lengths of ileum were taken from healthy lambs being
slaughtered at the City of Edinburgh abbatoir. In order' to standardise
conditions, the region of ileum taken was always between the first
attachment of the ileo-caecal mesentery and the ileo-caecal junction, a
length of approximately 15 cms (Figure 8). The ileum was opened along
its attached border and cut into 3 cm lengths. These sections of
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intestine were washed extensively in medium and then placed in Petri
dishes. Using two 19-gauge needles with shafts bend at right angles,
the mucosa was gently scraped away, disrupting the follicles
underneath. The cell suspension was transferred to a 50 ml centrifuge
tube, and the clumps were allowed to settle for five minutes and
separated. The cells were washed and then laid onto Lymphoprepr and
centrifuged for twenty minutes at 300g. The interface cells were
removed and washed three times in medium. Viability was determined
using trypan blue dye exclusion and was always in excess of 95 %. Total
yield of cells was in the range of 2-5 x 108 cells per ileum.
CELLULAR MORPHOLOGY.
The structure of the IPP cell was examined by light and electron
microscopy. Photomicrographs of typical cells are shown, in Figures 21
and 22. These demonstrate that the unstimulated IPP cells are uniformly
small with very little cytoplasm. The nucleus occupies a large
percentage of the cell and contains dense nuclear chromatin. The cells
usually only contain one or two mitochondria per section and have no
J
visible rough endoplasmic reticulum.
IMMUNOFLUORESCENCE.
A single cell suspension of ileal Peyer's patch lymphocytes was
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prepared as described and stained using the available monoclonal
antibodies (see Appendix). Early attempts to determine the number of
cells staining positively for surface immunoglobulin using u-v
microscopy were confounded by the very low amounts of antigen present
on the membrane. This low expression had already been referred to by
Mivasaki et al. (1984).
A preparation of stained cells were analysed by flow cytometry
(FACS IV, Becton Dickinson) at the Department of Zoology at the
University of Edinburgh. A typical phenotype of resting" IPP cells is
demonstrated in Table II and Figure 13.
When using the flow cytometer, a sample of uniform fluorescent
particles were run prior to the experiment in order to find optimal
adjustment positions and detect problems in the flow system. A
logarithmic amplifier was used in order to give good resolution over
the wide range of fluorescent signals. Indeed stained cells displayed
in log form appear to have a normal distribution and this is helpful
when finding break points in order to aid analysis and to discriminate
between two or more intermingled populations. Hie apparent normal
distribution of lcgz fluorescence is not surprising since the control
of the amount of cell surface proteins is frequently controlled by a
series of multiplicative synthesis steps. The logarithmic amplifier was
adjusted to give a 30 channel increase for a doubling in fluorescence
intensity, in other words a cell at channel number 170 was twice as
fluorescent as one at channel 140, assuming the cells were same size.
When analysing a population of cells the first sample was always
unstained cells. These cells were treated similarly to the other
Table II. Phenotype of lymphocytes from the ileal Peyer's patch.
IPP lymphocytes were prepared and stained indirectly using
monoclonal antibodies to sheep lymphocyte antigens. The samples
were analysed by flow cytometry. The percentage of positive cells
and the channel number corresponding to the positive peak is
reported.
nd = not determined.





Ig light chain 84.0 ' 163
IgM heavy chain 74.6 155
IgGl heavy chain 2.6 nd
T1 (CD5) 4.8 150
T4 (CD4) 2.8 nd
T8 (CD8) 5.2 180
MHC Class I 82.8 168
MHC Class II 91.2 178
L.C.A. 99.4 191
Negative 2.6 (103)
2nd Ab Control 2.2 (104)
Unstained 0.08 (101)
TABLE II.
Figure 13. The phenotype of ileal Peyer's patch lymphocytes.
A single cell suspension of IPP cells was stained indirectly
using mouse monoclonal antibodies to ovine lymphocyte antigens.
The samples were examined by FACS. Cell numbers are shown on the
vertical axis and log fluorescence intensity' on the horizontal.
The staining profile for each lymphocyte antigen is superimposed
on the unstained histogram for comparison. The vertical scale in
sample I has been reduced to accomodate the height of the
positive peak. A) Ig light chain. B) IgM. C) IgGl. D) CDS. E)










samples with respect to washing steps and fixation (if performed). This
sample was analysed by forward and 90° scatter. Forward light scatter
is almost proportional to cell size and provides good live-dead
discrimination as well as distinguishing platelets and RBCs
(particularly in preparations of blood lymphocytes). Ninety degree
scatter is less responsive to cell size but reflects the internal
complexity of the cells and therefore is used to detect contamination
by granulocytes. Only cells which had scatter profiles expected of
lymphocytes were analysed though this excluded less than 2% of the
total cells. The final analysis performed on the unstained cells was to
examine cell number versus log fluorescence intensity. Conventionally
cell number is shown linearly on the vertical axis with log
fluorescence on the horizontal. In order to be able to describe the
staining pattern of the stained sauries, certain criteria are used. In
particular the one feature which most p>eople require is the number of
positive cells. The channel number above which cells are usually
considered positive corresponds to the most highly fluorescent cells in
the unstained cell histogram. This channel number usually allows for a
small percentage of unstained cells to be considered positive. In this
experiment, ten thousand cells were analysed and the percentage of
unstained cells considered 'positive' was 0.08 %. This method of
defining number of positive cells is satisfactory for bimodal
populations as in Figure 23 which demonstrates the loss of cell
membrane immunoglobulin from differentiating B cells. In this situation
there is a clear division between the negative cells which overlap with
the unstained cells and the positive cells which lie to the right of
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these cells. However this method of defining the number of positive
cells is not appropriate in certain circumstances. An example of this
exists in Figure 13 . In this situation the number of positive cells
for Ig as determined by the criteria defined above would be 84.0%
(Table II) but there is no indication from the histogram or scatter
data that two qualitatively distinct populations exist. According to
Parks, Lanier and Hertzenberg (1S8S), the more likely explanation in
this situation is that all cells express the antigen but a few express
insufficient to be considered "positive" by the criteria adopted above.
Hence it is reasonable to deduce that the pattern of anti-light chain
staining indicates a population of cells the vast majority of which are
expressing low amounts of light chain and therefore presumably low-
amounts of total Ig on their surface. The staining pattern for several
cell surface proteins reveals the homogenous nature of the lymphocytes
derived from the IPP. The staining histogram for IgM reveals that 74.6%
of cells can be arbitarily defined as positve but the unimodal
distribution (with no sub-divisions when examined by forward or wide-
angle scatter versus fluorescence) indicate that it is reasonable to
define these cells as being virtually 100% positive for IgM. By
contrast, the 2.6% positive for IgGl staining indicates only background
levels of fluorescence. In Figure 14o, the stained histogram is almost
exactly superimposed onto the unstained histogram. The percentage of
positive staining is identical to that obtained with an isotypically
matched mouse monoclonal antibody against human chorionic gonadotrophin
("negative" in Table II) and only marginally higher than that obtained
with the second antibody alone. This suggests that the fluorescence
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derived from the anti-IgGl staining is probably due to binding between
the second fluorescinated antibody and the IPP cells. This second
antibody was a sheep anti-mouse IgG preparation and the level of
staining may be due to binding of the sheep iinmunoglubulin and Fc
receptors on the IPP cells. Ten percent normal sheep serum was included
in the buffer for the second antibody in order to reduce this
interaction to these levels.
Binding for cells expressing the CD5 (Tl) antigen demonstrated that
4.8% of cells were positive. These positive cells were arranged with a
distinct peak at channel number 150. The remaining cells were almost
exactly superimposed on the unstained histogram indicating that the
majority had not acquired stain and were negative for CDS expression.
For CD4 staining, 2.8 percent of cells were positive; this is only a
small increase (0.2%) over the negative control suggesting that
contamination with CD4 +ve cells is minimal. Staining for CDS antigen
revealed a distinct positive population of 5.2% with a clear peak
(mode) intensity at channel number 180. CDS positive cells normally
also express CDS but the apparent discrepancy may be attributable to
the low peak (mode) fluorescence intensity of the CDS +ve population.
Part of the CDS positive peak is certain to have been masked by the
9
much larger negative peak and the percentage of CDS positive cells may
have therefore been slightly underestimated.
The IPP cells were stained for MHC antigens. The histogram profile
reveals that 83% and 91.2% are positive for Class I and Class II
respectively. However the argument applied above for the interpretation
of such unimodal distributions can be applied to these antigens making
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it extremely likely that virtually all cells express these proteins.
The level of staining with these two reagents results in a fluorescence
intensity which is approximately 50% of that expected of mature
populations eg. peripheral blood lymphocytes and lymphatic efferent
lymphocytes (data not shown).
Finally,the histogram for leucocyte common antigen staining leaves
little doubt that this antigen is expressed on all cells present in
this lymphocyte preparation.
MEMBRANE IMMUNOGLOBULINS OF THE ILEAL PEYER'S PATCH LYMPHOCYTE.
Ileal Peyer's patch lymphocytes were solubilised in PBS containing
0.5% NP-40 (see Appendix). Cellular immunoglobulins were isolated by
affinity-chromatographv using anti-light chain monoclonal antibody
conjugated to cellulose. The eluted fractions were dialysed against
50mM tris 150mM NaCl pH 8.0 containing 0.5% Nonidet P-40 and the
protein containing fractions determined by SDS-PAGE and silver
staining. Figure 14 shows the pooled protein in track B. The track
shows 3 major bands. The least mobile corresponds to a molecular weight
of 81 kD. A band is present at this molecular weight when the anti-IgM
monoclonal antibody is used to purify IgM from IPP lymphocytes. This
band is therefore thought to correspond to membrane IgM heavy chain.
The most mobile band has a molecular weight of approximately 27 kD.
After transfer to nitrocellulose paper, a band at this molecular weight
is bound by monoclonal anti-Ig light chain (data not shown).
Figure 14.Membrane immunoglobulins of IPP cells.
109 IPP cells were solubilised in 0.5% NP-40 (track A). The
membrane immunoglobulins were purified by affinity chromatography
using anti-Ig light chain antibodies conjugated to Sepharose. The
purified Igs are shown in track B. Track C contains IPP-secreted
Ig purified by affinity chromatography (see Chapter Four), and























Finally, the band with a mobility corresponding to a molecular
weight of 52 kD is of considerable interest. It is not bound by the
polyclonal antisera to IgM by protein blotting, nor is it present when
the monoclonal anti-IgM, VPM 13, is used to purify membrane IgM. The
protein has migrated further than the heavy chain of Ig'Gl. In addition,
the anti-Ig'Gl monoclonal antibody failed to detect any protein in this
preparation either by ELISA or by Western blotting.
DISCUSSION.
This chapter describes the characterisation of the lymphocytes
found in the IPP of lambs. My findings support those of Reynolds and
Morris (1983) who originally proposed that the IPP was a primary
lymphoid organ. The majority of IPP cells express IgM and MHC class II
as found by Miyasaki et al (1984). Cells expressing IgGl, the
predominant immunoglobulin isotype in sheep and other ruminants (Baker
1933) are rare. Affinity chromatography was used to characterise the
membrane immunoglobulins of the IPP lymphocyte. Surface jj chain has a
molecular weight of 81 kD and is approximately 3 kD heavier than the
chain present in serum immunoglobulins. This result agrees with
previous estimates of the difference between membrane and secretory
immunoglobulin and is therefore likely to be due to the presence of a
hydrophobic transmembrane portion and cytoplasmic tail. Since
immunoglobulin light chain does not span the cell membrane, there is no
detectable difference between light chains from surface or secreted
LI
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immunoglobulins. No Ig'Gl heavy chain could be detected. The molecular
weights of the heavy chains of other serum imunoglobulins (IgG2 and
IgA) are also greater than 52 kD (approximately 55-60 kD)(Butler 1983
and data not shown). The membrane forms of these heavy chains would be
significantly heavier with the addition of a transmembrane portion and
cytoplasmic tail. The cytoplasmic tails of murine gamma chains are 28
amino acids long compared to just 3 residues in Ig'D and IgM (Tyler et
al 1982). It seems unlikely that IgGl, Ig'G2 or IgA heavy chains could
account for the distinct band at 52 kD. It would therefore appear
likely that this novel band corresponds to a previously unreported
immunoglobulin heavy chain. Since the IPP cells contain sparse amounts
of cytoplasmic Ig (see Chapter Five), this Ig is probably expressed on
the cell surface. The vast majority of IPP cell have already been
demonstrated to bear mlgM. Silver stained gels of the membrane
immunoglobulins purified from IPP cells suggest that the heavy chain
found at 52 kD quantitatively predominates over the JJ chain. Although,
the number of cells which contained the 52 kD protein is unknown, the
quantity of protein obtained makes it unlikely that it is a small
minority. The inference is that the 52 kD protein is co-expressed with
mlgM. Hence, it is postulated that this new immunoglobulin is the
9
ovine equivalent of IgD. Havran et al. (1984) found that IgD exceeded
IgM on the membrane of murine spleen cells by 10:1.
The molecular weight estimate of putative IgD agrees with the value
obtained for native murine q heavy chain by Goding and Hertzenberg
(1980). It lias been postulated that the murine c£ chain consists of
only two domains with an unusual intervening hinge structure (Tucker e_t_
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al 1980). The discrepancy between these results and previous work
(Abney and Parkhouse 1974) is attributable to the presence of a large
amount of carbohydrate.
The purified IPP membrane immunoglobulins have been injected into
mice. After repeated boosts, the spleens of these mice have been used
to perform fusions with the myeloma cell line, NSO. So far no
hybridomas secreting antibody reactive with the purified material by
ELISA have been found. It is hoped that continuing work will determine
the identity of this membrane immunoglobulin and its distribution in
various lymphoid organs.
It can be concluded that the IPP is a genuine B cell population
without parallel in mammalian immunology. These B cell show the
characteristics of newly formed B cells as various stages of
development but significantly, before any antigenic stimulus. This
conclusion is supported by the finding of putative sheep IgD since IgD
is rapidly lost from the surface of activated cells. Therefore the IPP
B cell offers an outstanding opportunity to study the differentiation
of sheep B cells from the true resting stage through to immunoglobulin





Most of our present knowledge of B cell physiology in the mouse and
human is derived from work performed in vitro and this is reviewed in
Chapter One. To date there has not been a suitable assay for
critically examining sheep B cell differentiation. However, the
demonstration that the ileal Fever's patch is an area of intense
lymphocyte production and that it is composed almost entirely of small
IgM+ B cells gives rise to an unique opportunity in mammalian
immunology. In particular, it allows us to study the control of B cell
growth and proliferation in a population of virgin IgM+ cells. As
discussed in the first chapter, the activation of B cells is antigen-
dependent and in order to substitute for this in a antigen-non specific
population, a polyclonal analogue for antigen is required.
There are two polyclonal B cell activators which have been commonly
used; occasionally in combination. The first is lipopolysaccharide
(LPS); the mode of action is unknown but it is postulated that there is
a specific cell surface receptor for LPS and that this represents an
evolutionary adaptation to give prompt immune responses to Gram-
negative bacteria (De Franco et al 1987).However the effect of TPS on
c >
sheep B cells has not been described. Alternative B cell activators are
anti-immunoglobulin antibodies. These anti-Ig reagents mediate their
effect through binding to the antigen-receptor of B cells, ie membrane
immunoglobulin. The effects of anti-Ig antibodies are extremely-
variable and are dependant on the following criteria;
1) Source of anti-Ig. Intact rabbit anti-mouse Ig antibodies
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inhibit the proliferation of mouse B cells (Klaus et al 1984). This is
believed to be due to result from cross-linking' of surface Ig and Fc
receptors on B cells. F(ab)2 fragments of rabbit anti-mouse Ig
antibodies will activate mouse B cells.
2) Hie nature of the B cells used. Raff (1970) demonstrated that
newly formed murine B cells were inhibited by anti-Ig antibodies whilst
B cells obtained from the periphery ie mature B cells were stimulated.
Raff proposed that crosslinking of the antigen-receptors of newly
formed B cells is an early mechanism for deleting possible autoreactive
cells since exogenous antigen is not found in the regions in which B
cell production takes place. Therefore any crosslinked immature B cells
in the bone marrow (or IPP?) are likely to be specific for host
antigens and as such are potentially dangerous.
3) The ability of the anti-Ig to cross-link surface Ig molecules.
This is controversial. Many investigators consider that the
demonstration that cross-linkage of membrane Ig can transduce an
activating signal indicates that cross-linkage by antigen is likely to
be the major event leading to B cell activation in vivo. However, this
suggestion has been criticised on two particular points:
a) Membrane crosslinking is not required for efficient
antigen presentation or for responsiveness to MHC-restricted T cell
help. Both are equally well induced by monovalent Fab' fragments and
haptens (Tony et al 1985).
b) Lanzavecchia (1987) has shown that antigen
presentation by B cells occurs at concentrations of free antigen that
are 1000-fold below that required for 50% saturation. This is not
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compatible with the situation when anti-Ig antibodies are used
resulting' in a large degree (approaching 100%) of saturation.
Lanzavecchia explains the ability of B cells to acts as efficient
antigen presenting cells in terms of the rapid internalisation of
antigen and the apparent long half-life of processed antigen
intracellularly. These two phenomenon result in the "vacuum cleaner"
effect, ie the net accumulation of antigen until sufficient antigen has
been gathered to trigger T cells.
Hence the importance of membrane Ig is controversial. On one side
it is given a pivotal role in B cell activation via its ability to
trigger the phosphoinositol pathway (albeit when heavily cross-linked)
and the other group see it as no more than a means for concentrating
specific antigen within a B cell prior to antigen presentation to T
cells. In the latter scenario, B cell activation then proceeds as a
result of the cognate and non-cognate interactions as result of antigen
presentation. The possible role of lymphokines, particularly IL4, and
cell-cell interactions has been discussed in Chapter One. This lesser
role for membrane Ig is supported by the finding that rabbit antibodies
bound to MHC class I are very efficiently presented to T cell specific
for rabbit Ig, although three- to five-fold less efficiently than
j
rabbit antibodies bound to membrane IgM or Ig'D (Tony et al 1985).
However even this small difference can probably be explained in terms
of the slow rate of internalisation of MHC class I molecules compared
to Ig (Pernis 1985).
Subsequent differentiation of activated B cells is controlled by
lymphokines; this is known as the antigen-independent phase of E cell
13
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differentiation. The role and contribution of each lymphokine to the
immune response is still the subject of considerable debate and the
current situation is reviewed in Ciiapter One. In particular,
interleukin-2 has been shown to play an important role in the control
of B cell growth and differentiation of human and murine B cells
(Farrar et al 1982, Zubler et al 1984, Kehrl et al 1985, Kishimoto
1935). Since recombinant human IL2 was available and I had already
demonstrated that it could significantly enhance the proliferation of
sheep Con A blasts, it was decided that this offered a good opportunity
to investigate the effect of IL2 on sheep B cells.
This chapter describes the development of an assay for sheep B cell
growth and differentiation and its use to characterise the events
culminating in immunoglobulin secretion.
B CELL GROWTH ASSAY.
IPP cells were cultured at 37°C in £in atmosphere of 5% CO2 in 96-
well flat bottomed plates in RPMI-1640 medium containing 10% FCS with
L-glutamine and 2-mercaptoethanol. LPS and human recombinant IL2 were
added as indicated in the text. Lipopolysaccharide derived from
Salmonella abortus equi was used as this had been shown to stimulate
tritiated thymidine uptake by sheep peripheral blood lymphocytes (data
not shown). Twenty hours before the end of culture, 1 ^ CL of
[ 3H] thymidine was added in 20 1. Cells were harvested onto glass fibre
14
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filter papers, washed, dried and [3H]thymidine incorporation was
assessed by scintillation counting.
EFFECT OF LIPOPOLYSACCHARIDE ON IPP CELLS.
IPP cells were prepared as described and set up in culture at a
range of cell concentrations from 0.125 x 106 to 2.0 x 106 per ml. LPS
was used at a concentration of 50 jjg/ml for two main reasons:
a) this concentration was optimal for inducing
proliferation of sheep peripheral bleed lymphocytes.
b) work in other species, particularly mouse and human,
had indicated that this concentration was optimal for B cells in those
species. The chosen concentration is supported by work in the next
section.
To determine the ideal conditions for culture of IPP cells with
LPS, the experiment was performed in both rotund- and flat-bottomed 96-
well plates. Each well contained 0.2 ml at the initiation of culture.
The culture period was 4 days. The results are shown in Table IV and
are derived from triplicate samples.
The results indicate that LPS will cause substantial thymidine
incorporation in cultured IPP cells particularly in flat-bottomed well
at the higher cell concentrations tested ie 1-2 x 106 per ml. By
comparison, at these cell concentrations there is a definite reduction
in proliferation of cells in round-bottomed plates. This is likely to
be due to excessive cell-cell contact causing' growth inhibition. It was
Table III. Effect of well geometry and cell density on the
proliferation of IPP cells.
IPP cells were cultured at a range of cell concentrations in
flat- or round-bottomed plates. LPS at 50 pg'/ml was added as
indicated. The culture period was four days. Results in c.p.m.
are expressed as the mean of triplicate cultures with the
standard deviation in brackets.



















































therefore decided to culture IPP cells in flat-bottcmed wells. The
results for the flat-bottomed plates indicate that optimal
proliferation is achieved at a cell concentration of 1 x 10G per ml.
Therefore this cell concentration was adopted for further experiments
on the control of the growth of IPP cells.
EFFECT OF RECOMBINANT HUMAN INTERLEUKIN-2 ON IPP CELLS.
Lymphocytes were prepared from the IPP as described and placed in
96-well flat-bottomed plates with LPS in doubling dilutions from a
concentration of 200 jj g/ml to 0.2 pg/ml in the presence or absence of
human recombinant interleukin-2 at 7 ng/ml. Thymidine incorporation was
assessed on the fourth day. Cells were at a final concentration of 1 x
106 per ml.
All results were derived from triplicate samples (Table IV ) .
Interleukin 2 was included in the culture media at a concentration of 7
ng/ml,this concentration had been found to be optimal for culturing
sheep Con A blasts (data not shown). LPS gives modest increases in
[3H]-thymidine uptake compared to cells cultured in media alone with a
peak response to LPS concentrations in the range of 50-200 pg/ml. IL2
alone causes a greater than five-fold increase compared to the media
control. When LPS and IL2 were both included, tritiated thymidine
incorporation is synergistically increased.
Table IV. Proliferation of 1PP cells cultured with LPS and IL2.
IPP cells were cultured at 1 x 106 cells per ml in doubling
dilutions of LPS. IL2 at 7 ng/ml was added where indicated.
Tritiated thymidine was added 20 hours before the end of culture.
Results are expressed as the mean counts per minute (cpm) of
triplicate cultures with the standard deviation in brackets.
Proliferation of IPP cells cultured with LPS and IL2.































EFFECT OF RABBIT ANTI-IMMUN'OGLOBULIN LIGHT CHAIN ANTIBODIES ON
PROLIFERATION OF IPP CELLS.
Many investigators have used polyclonal and monoclonal antibodies
to immunoglobulins as B cell activators. The antibody binds the
membrane immunoglobulin molecules and acts as a polyclonal analogue of
antigen, leading to the early events of B cell activation discussed in
Chapter One. Others have used anti-immunoglobulin and LPS together,
either simultaneously or sequentially (Zubler et al 1S87). The
following experiment was performed to determine the effect of anti¬
immunoglobulin antibodies in the B cell growth assay
Rabbit anti-sheep Ig light chain antibodies were affinity purified.
The concentration of antibody was determined by spectrometry at 280 run.
The immunoglobulin solution was dialysed against culture media. Rabbit
anti-mouse IgG antibodies were similarly prepared as a negative
control.
The anti-immunoglobulin antibodies were included in the complete
media at a range of concentrations from 50 p g/ml to 0.8je'g/ml with LPS
(50 jOg/inl) and IL2 (7 ng/ml) added as indicated. IPP cells were set up
at 1 x 106 per ml in a final volume of 0.2 ml. The cells were harvested
j
on day 4.
The results are shown in Table V. Firstly, in Table V(b), it can be
seen that the inclusion of rabbit anti-mouse Ig in the culture is
without effect. Therefore it can be stated that any effects seen when
rabbit anti-sheep light chain are used are due to the binding of the
rabbit to the membrane Ig of the IPP cells. IPP cells cultured in
1H
Table V(a). Effect of rabbit antibodies on the proliferation of
IPP cells. Anti-sheep light chain antibodies.
Affinity-purified antibodies to sheep immunoglobulin light
chain were included in doubling dilutions from 50 jjg/ml. LPS at
50 p g/ml and IL2 at 7 ng/ml were included as indicated. The
culture period was four days. Results in c.p.m. are expressed as
the mean of triplicate cultures with the standard deviation in
brackets.
Effect of rabbit antibodies on the proliferation of IFP cells.
a) anti-sheep light chain antibodies.







































































Table V(b). Effect of rabbit antibodies on the proliferation of
IPP cells. Anti-mouse Ig antibodies.
Affinity-purified antibodies to mouse IgG were present at
doubling dilutions from 50 p g/ml. LPS at 50 g/ml and IL2 at 7
ng/ml were included as indicated. The culture period was four
days. Results in c.p.m. are expressed as the mean of triplicate
cultures with the standard deviation in brackets.
Effect of rabbit antibodies on the proliferation of IPP cells.









































medium alone proliferate at at rate equivalent to approximately 5000
cpm. However in the presence of the highest concentration of anti-Ig
used there is in excess of 95 % inhibition of this thymidine
incorporation. Similarly for IPP cell growth induced by LPS, this is
inhibited to a similar degree.
Conversely, the effect of anti-Ig on the proliferation of IPP cells
cultured with LPS and IL2 or IL2 alone was less substantial (78 % and
62 % respectively). Interestingly, the uninhibited proliferation in
each case was almost identical ie approximately 20 000 cpm. This would
suggests that IL2 stimulates proliferation in a population of cells
that are not inhibited by anti-Ig. The identity of these cells is
unknown. By the final day of culture, it was difficult to locate viable
cells by inverted microscopy in those wells cultured with the highest
concentrations of anti-sheep immunoglobulin. This cell death was not
due to complement-mediated lysis of the bound cells as the foetal calf
serum had been heated to 56°C for thirty minutes, a proceedure widely
used to inactivate cei'tain complement components (ie. C2 and Factor B).
In addition, the same FCS did not result in a\ drop in the viability of
antibody bound IPP cells at 37°C within 2 hours compared to unbound
cells (data not shown).
EFFECT OF LPS CONCENTRATION ON IMMUNOGLOBULIN SECRETION.
Preliminary experiments using the supernatants of proliferating IPP
cell cultured under optimal conditions had indicated that
81
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immunoglobulin was detectable by ELISA. It was wished to examine the
role of LFS and IL2 on the differentiation of IPP cells. A B cell
differentiation assay was performed in 24 well plates with a final
volume of 2 mis per well. The cells were at a final concentration of 1
x 106 per ml, ie two million cells per well. The culture period was
seven days. At the end of the incubation, the media was recovered arid
microfuged at high speed for 3 minutes. The supernatant was stored at
40C with 0.1 % sodium azide. The effect of LPS was tested at a range of
concentrations from 200jjg/ml to 0.2 ^Jg/ml. IL2 at 7 ng/ml was added
as indicated. This concentration had been shown to be optimal for
inducing proliferation of IPP cells when co-cultured with LPS (data not
shown) . The results shown in Table VI are representative of the many
occasions on which similar experiments were performed.
These results show that Ig production by IPP cells cultured in
media alone is very low. The addition of LPS alone to IPP cells
promotes differentiation with maximum secretion induced by LPS at 50
p-g/ml. Recombinant IL2 alone only gives minor enhancement of the
supernatant Ig concentration. However the addition of IL2 to cells co-
cultured with LPS at 50 jj g/ml results in a substantial increase in
secretion to greater than 3700 ng/ml by day 7. These results
demonstrate that LPS and IL2 synergistically stimulate the
differentiation of IPP cells to immunoglobulin secretion.
EFFECT OF IL2 ON IMMUNOGLOBULIN SECRETION.
Table VI. Effect of LPS concentration on immunoglobulin
secretion.
IPP cells were cultured at 1 xlO6 /ml in the presence of
doubling dilutions of LPS. IL2 at 7 ng/ml was included as
indicated. Supernatants were harvested after 7 days and
concentration of immunoglobulin determined by ELISA. Results are
expressed as ng/ml.
TABLE 71.
Effect of LPS concentration on immunoglobulin secretion.
LPS concentration. Secreted immunoglobulin.
( |ig/ml). (ng/ml).
Culture conditions,














A feature of the effect of lymphokines on target cells is that the
response is dose dependant. The human recombinant interleukin 2 has a
nominal activity of 7 units per nanogram (product information from
Biogen S.A.). One unit is the concentration which stimulates half-
maximal tritiated thymidine incorporation in antigen or mitogen-
stimulated human T cells. It was useful to determine the activity of
IL2 for stimulating immunoglobulin secretion by IPP cells. Recombinant
IL2 was used at a range of concentrations from 100 ng/ml to 0.1 ng/ml.
LPS at 50 jJ g/ml was included as indicated. The supernatants were
collected after 7 days. The results are shown in Table VII and Figure
15.
As already described, the effect of IL2 alone on Ig secretion by
IPP cells is small with only a modest increase in Ig secretion at large
doses (25-100 ng/ml). By contrast in the presence of LPS, 6.3 ng/ml IL2
induces substantial Ig secretion from IPP cells. Further addition of
IL2 does not substantially increase secretion of immunoglobulin. Hie
IL2 concentration which induces half maximal immunoglobulin secretion
is 2.5 ng/ml. This is equivalent to 17.5 units of activity (U) per
millilitre in the Biogen assay. Maximal secretion was induced by 6.3
ng/ml (equivalent to 44 U/ml).
EFFECT OF CELL CONCENTRATION ON IMMUNOGLOBULIN SECRETION.
In order to determine the optimal conditions for differentiation to
Ig secretion, IPP cells were cultured at a range of cell
Table VII. Effect of IL2 concentration on immunoglobulin
secretion.
IPP lymphocytes were cultured in the presence of doubling'
dilutions of IL2. LPS at 50 jJg/ml was included as indicated. The
supernatants were harvested after 7 days and the concentration of
immunoglobulin determined by ELISA. The results are expressed as
ng'/ml.
TABLE VII.
Effect of IL2 concentration on inmunoglobulin secretion.
IL2 concentration. Secreted immunoglobulin,
(ng/ml). (ng/ml).
Culture conditions.















Figure 15. Effect of IL2 concentration on inmunoglobulin
secretion.
IPP cells were cultured in doubling dilutions of IL2 for 7
days in the presence B or absence Q of LPS. Supernatants were
















concentrations. Immunoglobulin secretion was analysed on day 7. The
results are shown in Table VIII. In (a), the results show the total
immunoglobulin in ng/ml. In (b) , the results are expressed per 105
cells/ml.
The results demonstrate that LPS and IL2 synergise to promote B
cell differentiation at all cell densities tested except 8.0 x 106 per
ml. At this concentration, the cells are extremely packed together. Co-
culturing of LPS and IL2 with IPP cells resulted in maximum secretion
per cell at 1 x 106 cells/ml. The effect of LPS was optimal when the
cells were at twice this concentration and the effects of IL2 and media
alone were maximal when the cells were cultured at a density of 4 x 106
per ml.
These results demonstrate the effect of excessive cell density on
LPS-IL2 induced differentiation. Similarly, it is clear that the
combination of LPS and IL2 promotes the optimal differentiation of IPP
cells at a lower cell density than would be necessary for either of the
co-stimulants on their own. On the basis of these results, it was
decided to culture the IPP cells at a concentration of 1 x 106 cells/ml
for optimal B cell differentiation.
TIME COURSE OF IMMUNOGLOBULIN SECRETION BY IPP LYMPHOCYTES.
Supernatants were collected daily from cultured IPP lymphocytes
to investigate the kinetics of Ig secretion from sheep B cells. As some
of the supernatants contained large amounts of sheep Ig, it was
Table VIII(a). Effect of
secretion.
IPP cells were cultured at
7 days. LPS (50 jj g/ml) and
indicated. The supernatant
expressed as ng/ml.
cell density on immunoglobulin
a range of cell concentrations for
IL2 (7 ng/ml) were included as
immunoglobulin concentration is
TABLE VIII(a).
Effect of cell density on inmunog1obulin secretion.
a)
Cell concentration. Secreted immunoglobulin (ng/ml).
(x 106/ml).
Culture conditions.
LPS+IL2 LPS IL2 Media
8.0 5888 5248 4168 2454
4.0 7585 5754 3890 2884
2.0 6607 3020 1905 1230
1.0 3715 1202 851 446
0.5 1750 603 398 151
0.25 479 148 126 49
*Ci
Table VIII(b). Effect of cell density on immunoglobulin secretion
per cell.
The results from Table VIII (a) are expressed as ng of





























































necessary to dilute the samples 1:10 in ELISA washing buffer before
analysis. The results are shown in Figure 16 and Table IX. These
results are representative of the several occassions on which similar
time course experiments were performed.
The majority of Ig' is secreted from IPP cells between day 4 and day
6. Secretion is virtually complete by day 7. In similar- experiments
(data not shown), cultures continued to day 16 only showed a o %
increase after day 7. When cultures older- than 7-8 days are examined by
inverted microscopy, live cells ( as judged by the ability to refract
light) are rare.
THE INCREASE IN TOTAL CELLULAR IMMUNOGLOBULIN PRECEEDS THE ONSET OF
SECRETION.
Immunohistological staining of cytospin preparations had shown that
the resting IPP cells contained low amounts of immunoglobulin. Since
these cells are clearly capable of massive Ig secretion, a large
percentage of these immunoglobulin molecules must be synthesized de
novo. In order to investigate the appearance of cellular
Q
immunoglobulin, IPP cells were set up in 25 cm2 flasks at 1 x 106/ml.
Care was taken to ensure that the cell density would be similar to the
optimal conditions determined earlier. Cells and supernatants were
harvested daily. The cells were washed in medium twice and the number
of viable cells recovered was determined by the trypan blue exclusion
assay. The cells were solubilised in one ml of 0.5% NP-40. Tire samples
Figure 16. Time course of immunoglobulin secretion from IFP
cells.
IPP cells were cultured in LPS (50 jjg/ml) and/or IL2 (7
ng/ml). Supernatants were collected daily and analysed for Ig.
























Table IX. Time course of immunoglobulin secretion from cultured
IPP cells.
IPP cells were cultured in LPS and/or IL2. Supernatants from
replica cultures were collected daily and assayed for


































































were kept at 4°C with 0.1% sodium azide until analysis. Ovine
immunoglobulins stored in this mariner showed no loss of antigen over
several months (data not shown) even in the presence of detergent. The
cell-free supernatants were stored in an identical manner. The samples
were analysed for immunoglobulin by ELISA. The results are shown in
Figure 17 and Table X. An earlier experiment gave similar results.
The results confirm that resting cells contain little
immunoglobulin (mean = approximately 10 fg/cell) . Tire initial drop in
total cell-associated immunoglobulin is likely to be due to the greater
than 75 % drop in cell recovery after 24 hours. The dead cells probably
contribute to the small amount of secreted ("released") immunoglobulin.
Compared to day 1, cellular immunoglobulin increases substantially by
day 2 and continues to increase until day 4 when the amount of cellular
Ig starts to plateau. There is a small fall in cellular Ig on day 7.
This fall was reproduced in the replica experiment. Allowing for the
low cell recoveries, the peak total cellular immunoglobulin indicated a
mean cellular immunoglobulin concentration of 260 fg/cell; a 26-fold
increase over resting levels.
By contrast and as already demonstrated, immunoglobulin secretion
by IPP cells commences later. The majority of secretion occurs between
days four and six. As shown earlier, the rate of secretion is falling
by day 7 and this is clearly compatible with a fall in cellular Ig
reflecting reduced synthesis of immunoglobulin molecules.
ISOTYPE OF THE SECRETED IMMUNOGLOBULIN.
%
Figure 17. Kinetics of the increase in secreted and cellular
immunoglobulin in cultures of IPP cells stimulated with LPS and
IL2.
IPP cells were cultured with LPS (50 jjg/ml) and IL2 (7
ng/ml). Cells and supernatants were collected daily. The cells


















































Table X. Increase in cellular and secreted immunoglobulin in
differentiated B cells.
IPP cells cultured in LPS and/or IL2 were harvested daily and
solubilised in 0.5% NP-40. The lysate and the cell culture
supernatant were examined for immunoglobulin. The results are
expressed in ng of total cellular Ig and ng/ml of secreted Ig.
TABLE X.
















By adapting the ELISA for secreted immunoglobulin to determine the
heavy chain isotype of secreted immunoglobulins, it had been shown that
only IgM was detectable (> 6000ng/ml). Ig'Gl was not detectable at
concentrations above 30 ng/ml. Therefore the concentration of IgM is
calculated to be at least 200 times the maximum possible concentration
of IgGl. As monclonal reagents for IgA and IgG2 heavy chain were not
available, it was wished to confirm this finding by an alternative
strategy.
A bulk culture of 2 x 10s IPP cells was incubated for 7 days with
optimal amounts of LPS and IL2. The supernatant was collected and
stored evt 4°C in the presence of sodium aside. The supernatant was
rotated overnight at 4°C with mouse monoclonal anti-sheep light chain
conjugated to SepharoseR. The beads were packed into a suitable column
and washed. The bound protein was eluted with 0.1 M glycine pH 2,5 and
dialysed against column running buffer. The protein containing
fractions were analysed by SDS-PAGE chromatography and the results are
demonstrated in Figure 18. These show that the two major purified bands
have molecular weights of 78 and 27 kD corresponding to jj chain and
light chain respectively. The band at 67 kD is likely to be albumin and
its presence probably reflects the association of Ig'M with bovine
j
serum albumin in the cell culture media. The presence of other heavy
chain isotypes is suggested by the indistinct band at 55 kD. However,
repeated experiments have confirmed the initial ELISA results, that Ig'M
is the predominant immunoglobulin isotype produced by IPP cells.
Figure 18. Isotype of secreted immunoglobulin.
Monoclonal anti-Ig light chain was used to purify protein
from the supernatant of IPP cells cultured with LPS and IL2 for 7
days. The purified protein (A) was analysed by SDS-PAGE under
dissociating conditions. The protein bands were visualised by
silver staining. The molecular weights are shown.
kD- 5 5"
Amw ^
Isotype of secreted immunoglobulin.
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EFFECT OF DELAYING THE ADDITION OF LPS OR IL2 ON IMMUNOGLOBULIN
SECRETION BY IPP CELLS.
It is clear from the preceeding work that the effects of LPS and
IL2 are not merely additive. This indicates that these stimulants are
acting' on the same cells in a synergistic and possibly sequential
manner. In view of other work which ins been done using LPS as a
polyclonal B cell mitogen, it is predicted that LPS binds to a specific-
receptor on the IPP lymphocyte and activates the cell. This cell cycle
progression in turn leads to the expression of functional receptors for
various lymphokines, including IL2. The following experiments were
performed to test this hypothesis.
Two million IPP lymphocytes were cultured in 24-well plates in a
final volume of 2 mis. In the experiment to investigate the effect of
delaying LPS addition, the cells were cultured initially in the
presence of IL2 at 7 ng/ml. One hundred micrograms of LPS were added in
20 jji volumes at intervals after the initiation of culture. The
supernatants were harvested on days 5, 6, 7, and 8. After
microcentrifLigation, the cell-free supernatants were stored with 0.1%
sodium azide at 4°C until analysis.
Using IPP cells from the same preparation, an identical experiment
was performed by delaying the addition of IL2 to cells cultured with
LPS at 50 jjg/ml. Fourteen nanograms of IL2 were added in 20 j^l. The
results shown in Tables XI and XII and Figures 19 and 20 are
representative of the three times the experiment was performed.
8°i
Figure 19. Effect of delaying the addition of LPS to IPP cells
cultured with IL2.
IPP cells were cultured with IL2 (14 ng/ml) in 2 ml volumes.
One hundred g of LPS was added to identical cultures at ten hour
intervals. Supernatants were collected at 120, 144, 168, and 192
hours • The horizontal axis refers to the time in hours since the
initiation of culture. Key: LPS and IL2 0 . IL2 alone A . Media
alone Q . Time of LPS addition: 0 hours 8 . 10 hours V . 20 hours1!


















Table XI. Effect of delaying the addition of IPS to IPP cells
cultured with IL2.
IPP cells were cultured in 7 ng/ml IL2. Lipopolysaccharide
(100 jj g) was added at ten hour intervals until 60 hours.
Supernatants were harvested at 120, 144, 168, and 192 hours. The














































































Figure 20. Effect of delaying the addition of interleukin 2 to
IPP cells cultured with LPS.
IPP cells were cultured with LPS (50^jg/inl) in 2 ml volumes.
Fourteen ng of IL2 was added to identical cultures at ten hour
intervals. Supematants were collected at 120, 144, 168, and 192
hours. The horizontal axis refers to the time in hours since the
initiation of culture. Key: LPS and IL2 0 . LPS alone A . Media
alone 0 . Time of IL2 addition: 0 hours 0 . 10 hours 7 . 20 hours Y









Table XII. Effect of delaying the addition of IL2 to IPP cells
cultured with LPS.
IPP cells were cultured in 50 jjg/ml of LPS. Interleukin 2 (14
ng) was added at ten hour intervals until 60 hours. Supernatants
were harvested at 120, 144, 168, and 192 hours. Hie


















































































These results confirm previous results regarding the kinetics of
immunoglobulin secretion by IP? cells cultured with LPS and IL2 from
the start of culture. However, when LPS was withheld for 10 hours, the
potential for secretion was considerably diminished. This large
reduction was not repeated when LPS addition was delayed for- a further
10 hours. Rather, it would appear that the slightly reduced Ig
concentration found at 120, 144 and 108 hours was a kinetic result of
withholding LPS for an extra ten hours. By interpolating the amount of
secreted Ig onto the horizontal (time) axis it can be deduced that the
delay in secretion was indeed approximately ten hours. This process
appeared to continue when LPS was withheld for up to forty hours. After
delays of fifty and sixty hours, the addition of LPS fails to stimulate
Ig secretion substantially above that found with IL2 alone.
The effects of delaying the addition of IL2 are apparently less
complex. A ten hour delay results in a small (<10%) increase in
secretion. However, the withholding of IL2 until 20 hours after
initiation causes a slight delay in the secretion profile equivalent to
6-8 hour-s. This delay was appropriately increased when the IL2 was
added at 30 and 40 hours. After 40 hours, the ability of IL2 to
synergisticallv promote Ig secretion is reduced or lost.
j
DISCUSSION.
Cells derived from the ileal Peyer's patch can be induced to
proliferate and differentiate under the influence of LPS and IL2. Hie
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optimal conditions for these processes have been determined. Hie use of
polyclonal anti-Ig as a putative B cell activator suggests that the IPP
population has a characteristic in common with newly formed mouse B
cells (Raff et al 1976). The massive 96% inhibition of tritiated
thymidine incorporation by IPP cells cultured in media with 50 g/ml
anti-Ig" may be an important physiological event in the avoidance of
autoreactivity. Since exogenous antigen is not introduced into the
ileal Peyer's patch, binding of membrane immunoglobulin on newly formed
B cells within the IPP is likely to be due to interaction with
endogenous or self-antigens. This mechanism to delete B cell clones is
probably one of the earliest that operate to avoid autoreactivity. It
might therefore be predicted that B cells exiting the IPP quickly lose
this property in order to respond to exogenous antigen. Alternatively,
the effect of anti-Ig antibodies may be due to the cross-linking of inlg
and Fc receptors on the same cell. This mechanism may have important
consequences in reducing a B cell response in the presence of antigen-
antibody complexes. This suppression is removed by using F(ab)2
fragments instead of the entire molecule (Klaus et al 1984).
IL2 acts on IPP cells cultured with LPS in a saturable dose-
dependant fashion. Maximal secretion was induced b5r 44 U/inl IL2. It is
interesting to note that Romagnani et al used recombinant IL2 at 25
U/rnl from the same source to stimulate proliferation of anti-IgM
stimulated human B cells.
Assuming that the molecular weight of IL2 is 20 kD, the
concentration of IL2 causing haIf-maximal secretion by IPP cells is
approximately 125 pM. This is the approximate concentration at which
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only high-affinity receptor-ligand interactions takes place (Yamada et
al 1986, Wang and Smith 1987). Conversely, intermediate and low-
affinity interactions generally require concentrations 10-1000 fold
greater. Therefore it seems likely that the human IL2 binds to
functional receptors of high affinity on the activated IPP lymphocyte.
These are likely to be receptors specific for ovine IL2. The nature and
the distribution of the ovine IL2R remains to be established. It is
interesting to note that the majority of the effect of IL2 alone on the
proliferation of IFP cells is attributable to cells that are inhibited
by anti-Ig treatment (Table V) . This would appear to indicate that IL2
exerts a direct effect on IPP cells to cause proliferation. However,
this result does not eliminate the possibility that IL2 induces the
release of one or more lymphokines from contaminating T cells.
The onset of secretion by IPP cells occurs on day 4 and the maximum
rate of secretion was greater than 5 g/ml/day. The molecular weight of
sheep IgGl, used as the reference immunoglobulin in the ELISA, is
approximately 150 000 daltons. Therefore, 235 x 106 Ig molecules per
ml are released every second during the period of highest secretion.
Although there were 10s cells per ml at the initiation of culture,
substantial cell death results in a 75 % drop in cell recovery by day 4
of culture. Therefore, the rate of secretion per cell is likely to be
greater than one thousand molecules per second. This is comparable with
other estimates of high-rate secretion from terminally differentiated E
cells. Not surprisingly, the cells synthesized large amounts of Ig
prior to the onset of secretion. This was noticable by day 2 of
incubation. Mean cellular Ig increased approximately 26-fold. The
i o 0
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increased production of secretory Ig is likely to have resulted from
an increase in cellular mRNA specific for heavy and light chain
proteins and an increase in the ratio of RNA for secretory Ig compared
to membrane Ig (Nakanishi et al 1984).
Mu (jj! is the predominant heavy chain isotype of the secreted
immunoglobulins. By SDS-PAGE, the molecular weight of the secreted jJ
heavy chain is approximately 3 kD smaller than the membrane jj heavy
chain. The difference is probably due to the production of a truncated
jj chain lacking the transmembrane portion and cytoplasmic tail. The
precursors of IgG and IgA secreting cells in vivo are derived from
immature B cells originating in the IPP (Reynolds 1986). Hence the
absence of cells secreting significant amounts of isctypes other than
IgM requires explanation. Firstly, it may be that the protocol used to
induce B cell differentiation only activates those cells committed to
IgM secretion and which have lost the ability to switch heavy chain
isotypes. Secondly, the cells may retain the ability to secrete other
Ig isotypes but have not received the combination of factors and
interactions necessary to induce this switch. In this context, IL2 has
been described as a maturation factor for IgM secretion in vitro by
human B cells although the fate of the genes encoding other heavy chain
isotypes was not determined (Nakanishi et al 1984). In other species,
our knowledge of the control of isotype expression is still very
limited. Certainly, microenvironmental influences are likely to be
important and these cannot be reconstructed in vitro. Hie degree of
committment of the target cells for putative isotype switch factors is
uncertain. For example, murine IL4 appears to act on cells that lack
io7
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surface IgG but are committed to secrete IgGl by LPS activation
(Vitetta et al 1984). The effects of IL4 in IgGl regulation are
therefore only to expand and differentiate the already determined
cells. A genuine switch factor must operate on a cell previously
showing no committment to secretion of that isotype. This committment
is widely believed to only occur after antigen stimulation (Nossal et
al 1964, Kearney and Lawton 1975, Kearney et al■ 1976, Andersson et al
1978, Coutinho and Forni 1982). In view of the primary lymphoid source
of the sheep B cells used in these experiments, the IPP cell would
appear to be an ideal target cell for putative ovine switch factors.
The experiments examining the effects of delaying the addition of
one of the co-stimulants gave complex but interesting results. The
results obtained by delaying the addition of either LPS or IL2 require
further explanation. The diminished secretion when LPS was withheld for
ten or more hours could be due to at least two reasons. The secretion
curve parallels that of the positive control suggesting that fewer
cells are responding. Firstly, the drop in immunoglobulin secretion
may be due to the loss of cells during the first ten hours of culture.
This loss is clearly avoided or at least diminished if LPS is present
from the initiation of culture. It has already been discussed that the
IPP lymphocyte is an immature B cell and whilst some of the cells
recovered from the IPP would have soon left via the efferent
lymphatics, other cells would probably require further maturation
before exiting. It is possible that LPS replaces a maturation signal or
factor which causes the cells to attain a level of maturation which
allows survival in culture. These cells respond to the presence of LPS
lob
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and IL2 by differentiating to Ig secretion. The absence of LPS from the
start of the culture period results in the death of this cellular sub¬
set and therefore a reduced potential for secretion. Alternatively, IL2
acting alone on unstimulated B cells may inhibit cell differentiation
in all or a subset of IPP lymphocytes. This inhibitory effect of IL2
may be normally reversed by the simultaneous presence of LPS. Evidence
supporting the maturation-inducing role of LPS early in the culture
period will be advanced in the next chapter.
The addition of LPS after 20-40 hours resulted in a secretion
profile that lagged behind the 10 hour curve by a similar period. Taken
together, these results suggest that LPS responsive populations are
present at the start of culture. Murine primai-y B cells have a short
half-life both in vivo and in vitro of approximately 2 days (Osmond
1986). Similarly for sheep B cells, when LPS addition did not occur
until 50 and 60 hours, LPS failed to promote Ig secretion above the
levels from cells cultured with IL2 alone. This mechanism appears to
operate remarkably swiftly between forty and fifty hours. This sudden
cut-off may reflect the functional homogeneity of this B cell
preparation.
By contrast, IL2 is not required early in B cell activation.
Reductions in the Ig-secretion profile are not noted until 10-20 hours.
These observations are consistent with the finding in other species
that IL2 is a factor which acts in the late Gi stage of the cell cycle
(Melchers and Andersson 1986). It is therefore presumed that IL2 exerts
its effects following activation of sheep B cells by LPS. As previously
discussed, it has not been demonstrated that IL2 acts directly on sheep
I o°\.
Chapter Four.
B cells. The possibility of IL2 inducing the release of one or more B
cell groui:h and/or differentiation factors from a contaminating T





The previous two chapters have dealt with the phenotypic
characteristics of the IPP lymphocyte and the effect of cell culture on
the immunoglobulin secretion by these cells. It has been demonstrated
that sheep B cells can mature to secrete immunoglobulin in the presence
of optimal amounts of LPS and recombinant IL2. At the initiation of
culture, the resting IPP cell is a small IgM+ cell which contains
little cytoplasmic Ig. However, the function of these cells changes
quite dramatically once the cells are stimulated. By 48 hours,
cytoplasmic Ig is accumulating and high-rate secretion commences after
a further two days. This change from a comparatively inactive cell to a
cell synthesizing and secreting large amounts of immunoglobulin
requires the development of cellular apparatus not present in the
resting cell. In particular, plasma cells are larger, have extensive
rough endoplasmic reticulum and Golgi apparatus. Since the IPP cells
can be induced to secrete immunoglobulin, it was an opportunity to
identify some of the morphological changes in these cell as they
differentiate.
As well as the more obvious morphological changes, there are also
important alterations in the expression of cell surface markers as
differentiation proceeds. Of particular importance are the changes in
expression of membrane Ig and MHC class II. Membrane Ig is the antigen
receptor for B cells and its expression on the cell membrane is
therefore only required for the period of B cell differentiation which
is dependent on antigen. As discussed earlier (see Chapter One and the
UZ
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introduction to Chapter Four), activation of B cells is directly or
indirectly due to binding of antigen (or a polyclonal analogue) to the
B cell antigen receptor. Subsequent events are controlled by
interactions with antigen-specific T cells and their soluble products.
Therefore once B cells have accumulated sufficient antigen for
presentation to T cells (Lanzavecchia 1987), there is no role for
membrane Ig and expression diminishes. Murine plasma cells do not
express surface Ig. Similarly for murine MHC class II, maximum
expression on B cells coincides with the period of T cell-B cell
interaction ie antigen presentation. This is logical since antigen is
presented to T cells bound to MHC class II molecules. As with Ig,
expression of MHC class II diminishes subsequently until murine plasma
cells express no MHC class II. The loss of important cell markers on
plasma cells is a reflection of the terminally differentiated position
of the plasma cell. Plasma cells have a life span of approximately 2
days.
Since the IPP is such an excellent source of large numbers of B
cells, there is the opportunity to culture B cells under a variety of
conditions and then to recover sufficient cells to perform
morphological and phenotypic analysis. This chapter describes some
experiments designed to investigate these changes. The results indicate
that data obtained in the mouse cannot always be applied to another
species.
MORPHOLOGY OF DIFFERENTIATING SHEEP B CELLS.
1(3
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These experiments were performed to determine the morphological
changes occuring in IPP cells prior to the onset of high-rate
secretion. IPP cells were induced to differentiate under optimal
conditions as defined earlier. After culture, the cells were harvested
and the viable cells were recovered after centrifugation over
LymphoprepR. The cells were counted and cytospins were made.
Alternatively, the cells were fixed by glutaraldehyde in cacodylate
buffer and sent for processing in the Electron Microscopy Unit in the
Faculty of Veterinary Medicine.
The results are shown in Figures 21 and 22. The Giemsa-stained
cytospins of cells after 2 days in culture with LPS and IL2, revealed a
large increase in cell size and a decrease in the nuclear:cytoplasmic
ratio. These observations were confirmed by the FACS scatter profiles
of resting and differentiating cells (data not shown). An increase in
forward-angle scatter demonstrated an increase in cell size while the
90° scatter increase indicated that the cellular complexity had
increased.
These conclusions were reinforced by the transmission electron
microscopy morphology of differentiating cells after 3 days of culture.
At low powers of magnification, the difference in cell size,
nuclear:cytoplasmic ratio, and the electron density of the cytoplasm is
demonstrated. It was also noted that in a large percentage of cells the
nucleus occupied an eccentric position. At higher power (magnification
x 35500), the cytoplasmic changes were evident, these included the
formation of extensive rough endoplsmic reticulum (RER) and an increase
in the number of mitochondria per section.
Ilif
Figure 21. Cellular morphology of resting and differentiating IPP
cells.
Cytospins of resting (a) and differentiating (b) cells were
stained by the Giemsa method. Original magnification x 400.
 
Figure 22. Electron micrographs of resting and differentiating
cells.
Resting (a, b, and c) and differentiating (d, e, and f) were
examined by transmission electron microscopy. Magnifications:




GRANGES IN EXPRESSION OF MEMBRANE IMMUNOGI.OBUL IN AND MHC CLASS II
DURING CULTURE WITH LPS AND IL2.
The following experiment was performed to examine kinetic clianges
in the expression of surface molecules as sheep B cells differentiate
to immunoglobulin secretion. IPP cells were cultured at 1 x 106 with
50 y g/ml LPS and 7 ng/ml recombinant IL2 in four identical flasks. On
days 1, 2, 4 and 6, the cells were harvested by centrifugalion. Viable
cells were recovered by centrifugation over LymphoprepR and washed
three times in Hank's balanced salt solution (HBSS). The recovered
cells were stained and fixed. The results of the analysis by flow
cytometer are shown in Table XIII and Figure 23.
The phenotype of the resting cells is shown as day 0 and is similar
to the preparation described previously. The most immediate noticable
effect in this experiment is the substantial increase in surface MHC
Class II expression after only 24 hours. The change in the log mode
(peak) fluorescence intensity was 36 channels. This indicates a more
than doubling in mode fluorescence intensity. This increased expression
of MHC class II antigens persists until day 2. A drop in F.I. by day 4
is followed by a larger decrease by day 6 to levels below those of
resting cells.
The changes in surface immunoglobulin occur more slowly. The rise
in surface Ig expression of the positive population takes 43 hours to
become maximal: one channel below a doubling in fluorescence intensity.
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Table XIII. Changes in the phenotype of cells cultured with LPS
and IL2.
a) Phenotypic changes.
IPP cells were cultured in 4 x 25 cm2 flasks in LPS (50
g/ml) and IL2 (7 ng/ml). The viable cells were recovered daily
and stained for sheep lymphocyte antigens. The samples were
examined by flow cytometry. The results are expressed as the
percentage of positive cells and the median (peak) fluorescent
intensity (MFI). The percentage of positive cells in unimodal
distributions overlapping the negative histogram is not given
(*) .
b) Immunoglobulin secretion by cells cultured with LPS and
IL2.
The immunoglobulin concentration in the supernatant on days
0, 1, 2, 4, and 6 was determined and is expressed as ng/ml.
NT) = not determined.
TABLE XIII.
Changes in the phenotype of cells cultured with LPS and LL2.
Surface antigen Phenotype of cells recovered on
Day 0 Day 1 Day 2 Day 4 Day 6
% MFI % MFI % MFI % MFI % MFI
Light chain * 143 55 157 58 172 27 163 11 149
'
IgM * 141 ND ND 49 171 26 162 11 163
CDS (Tl) 10 147 20 147 26 142 30 141 27 143
Class II * 162 * 198 * 186 * 181 * 157
Negative 1 104 2 103 3 102 4 96 2 97
Unstained. 0 100 1 94 0 92 0 90 0 93








Figure 23. Changes in the phenotype of cells cultured with LPS
and IL2.
Resting IPP cells (a) were cultured with LPS and IL2 under
optimal conditions. Cells from identical cultures were recovered
on days 1 (b) , 2 (c), 4 (d), and 6 (e) and stained for i) (top
row) Ig light chain, ii) (middle row) IgM and iii) (bottom row)
MKC class II. The samples were examined by flow cytometry. The
staining profile for each antigen is superimposed on the













Again the F.I. gradually drops but at day 6 it is still higher than
resting levels although the profile had become considerably flattened
making an exact peak difficult to discern. Of considerable importance,
is the early appearance of a slg" population. By 24 hours, 45% of cells
had lost surface immunoglobulin from their surface; this process
continued until by day 6, only 11% of cells bore slg. Although the
profile for Ig'M staining was not determined on day 1, the response of
surface IgM during culture mirrors that seen with total slg with only
11% of cells positive for slgM on day 6. By contrast, after 4 days GO¬
TO % of cells were positive for cytoplasmic Ig by immunohistology of
cytospin preparations (Figure 25)
The number of CD5* cells also increases during the culture period.
Although there were 10% present in the resting population, this quickly-
increased byr day 1 to 20% and b\r day 4 reached 30% of all ceils
present. The peak fluorescence intensity of these cells varied very-
little over the culture period. The increase in CDS * cells is clearly
insufficient to explain the very marked decrease in the number of slg*
cells.
The controls for the immunofluorescence data are shown in Table and
reveal only small changes in fluorescence intensity of the negatively
stained and unstained preparations. Contrary to expectations, the
cultured cells showed a slight di-op in autofluorescence.




The above experiment revealed that differentiating cells showed a
remarkable increase in cell surface expression of MHC class II antigens
early in the differentiative process. This heightened expression
persisted until the onset of high-rate secretion. As previously
discussed, increased expression is an early event in B cell activation
and can be induced by IL4. Finkleman et al. (1986) used this property
of IL4 to assay its activity in the supernatants of antigen-specific T
cells activated in vivo■
This apparent increase in the level of class II expression took
place simultaneously with a large drop in cell recovery. Approximately
30 % of cells were recovered after 24 hours. It is possible therefore
that the observed increase in expression was due to the death of cells
expressing low levels of MHC class II. This would leave the high-
expressing cells and account for the apparent increase by 24 hours.
Alternatively, cell death may have occurred randomly among the IPP
cells and the increase in MHC class II may be related to the effects of
LPS and/or IL2. These mechanisms are not mutually exclusive and both
may be responsible for the observed increase.
The following experiment was performed to test these hypotheses.
IPP cells were set up at 3 x 106 per ml in bulk culture flasks with LPS
and/or IL2. A higher cell concentration was adopted as preliminary
experiments had demonstrated that cell recoveries were higher,
particularly for cells cultured in media alone. Viable cells were
recovered by standard means and stained for membrane immunoglobulins
and MHC class II. Table XlV(a) shows the cell recoveries after 24
hours. It is clear that LPS alone enhances cell recovery sustantially
Table XIV. a) Cells recovered after 24 hours in culture under
various conditions.
Sixty million IPP lymphocytes were set up in culture at 3 x
106 /ml for 24 hours. The number of live cells was determined by
trypan blue exclusion. The results are expressed as the mean of
three counts (x 10s). The standard deviation is in brackets. The
number of live cells recovered is expressed as a percentage of
initial cell number.
b) Expression of immunoglobulin and MHC class II on the
membrane of cells recovered after 24 hours of culture under
various conditions.
The viable cells were recovered by centrifugation over
LymphoprepR and stained for lymphocyte antigens. The samples were
examined by flow cytometry. The results are expressed as the
median fluorescence intensity.
TABLE XIV.




















b) Expression of immunoglobulin and MHC Class II on the membrane of cells
recovered after 24 hours of culture under various conditions.
Surface antigen Median fluorescence intensity.
Culture conditions.
Resting LPS+IL2 LPS IL2 MEDIA
Ig light chain 150 160 161 159 163
MHC Class II 179 206 212 208 207
Negative 88 105 108 103 105
2nd antibody 102 106 103 102
Unstained 90 80 84 81 81
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whilst IL2 alone gives only a marginal increase in recovery compared to
media alone. IL2 and LPS in combination synergistically promote cell
recovery.
Table XIV(b) shows the results of the flow cytometric analysis. The
phenotype of the resting cells was analysed in full and was similar to
results reported in Table II. The data in Table XIV is presented as the
median fluorescence intensity. This is given as the channel number-
above and below which lie equal numbers of cells. This is suitable for
the description of unimodal distributions of cells and eliminates the
difficulty in accurately determining the peak (mode) fluorescence
intensity. However, changes in the median fluorescence intensity were
precisely mirrored by changes in the peak fluorescence intensity (data
not shown).
The results demonstrate that there is little difference in the
M.F.I, of MHC class II or immunoglobulin expression on IPP cells
cultur-ed with LPS and IL2, LPS alone, IL2 alone or media alone. There
is however a substantial increase in the median fluorescence intensity
of these parameters compared to the resting cells. As noted previously,
the increase in the intensity of staining for class II approximately
doubles by 24 hours. The intensity of staining for membrane Ig only
shows a small increase by 24 hours confirming earlier data that changes
in Ig expression occur less rapidly than changes in MHC class II
expression.
Although these results appear to demonstrate no role for LPS and
IL2 in the early increase in MHC class II expression, LPS and IL2
clearly promote cell recovery. In order to analyse the recovered cells
i as
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further, cells with a fluorescence intensity for anti-class II staining
greater than 206 were arbitarily considered to be MHC class II-high
expressers. The results of this calculation are demonstrated in Table
XV. These results show that the numbers of class II-high cells
recovered from media alone and IL2 -stimulated cultures can be
explained solely by the survival of these cells from the initial
population. However, the numbers of class II-high cells recovered from
LPS alone or LPS with IL2 cannot be attributed in this way. There are
two alternatives as to the origin of the additional "high-expressing"
cells. Firstly, division by 60% of the surviving MHC class II "high"
cells could account for the phenomenon. Secondly, LPS or LPS and IL2
may promote the expression of MHC class II on a subset of IPP cells
which were previously "low-expressers". The latter suggestion is
supported by data in the previous chapter and is further discussed at
the end of this chapter.
PHENOTYPE OF DIFFERENTIATING CELLS.
The previous experiment showed that there was little distinction
between IPP cells that had been cultured for 24 hours with LPS and IL2
and those that were cultured for an identical time with medium alone.
Since it is known that the LPSand IL2 are potent inducers of B cell
differentiation which will not occur in medium alone, it is interesting
to discover at which stage a difference between stimulated and
unstimulated cells appeared, It was decided to investigate the
Table XV. The number of cells expressing "high" amounts of
membrane Class II antigens after 24 hours in culture.
The percentage of cells with a fluorescent intensity for MHC
class II staining greater than 206 was obtained from the flow
cytometric analysis. The number of MHC class II-"high" cells was

































phenotype of IPP cells after approximately 3 days in culture. This
interval was chosen as it is after the onset of Ig synthesis and just
prior to the start of Ig secretion.
IPP cells were set up at 1 x 106/ml under the usual variety of
conditions ie LPS and IL2, LPS alone, IL2 alone, and medium control.
After 66 hours, the cells were harvested and the viable cells
recovered. Table XVI reveals the increased cell recovery from cultures
stimulated with LPS and IL2 together compared to the other culture
conditions. The cells were stained for surface molecules and the
results are shown in Table XVII and Figure 24. The phenotype is
reported as the percentage of positive staining cells with the peak
(mode) fluorescence intensity in brackets. The peak fluorescence
intensity refers to the positive peak with the exception of the
unstained control. The percentage of positive cells in an unimodal
distribution overlapping the negative histogram is not given (***) for
reasons previously discussed.
The phenotype of the resting population was typical of other IPP
preparations reported here. The changes in MHC class II expression are
clear. Cells cultured with LPS and IL2 lost membrane class II molecules
as differentiation proceeded. However, cells cultured with IL2 or in
media alone still bore large amounts of class II as revealed by the
high peak fluorescence intensity.
The expression of MHC class I antigens on the differentiating cells
increased as shown by a doubling in the fluorescence intensity.
Unfortunately the profile for cells cultured with IL2 alone or media
could not be obtained due to lack of cells. Staining for the leucocyte
Table XVI. Cell recoveries after 66 hours in culture under
various culture conditions.
One hundred and fifty million IPP cells were cultured in LPS
and /or IL2 for 66 hours. The number of viable cells was
determined and is the mean of triplicate counts. The standard











































Table XVII. Changes in the phenotype of cultured cells after 66
hours.
The cells recovered after 66 hours in culture were stained
for ovine lymphocyte antigens and examined by flow cytometry. The
results are expressed as the number of positive cells and the
mode (peak) fluorescence intensity in brackets ( ). The
percentage of positive cells in a unimcdal distribution is not
given (***).
TABLE XVII.
Changes in the phenotype of cultured cells after 66 hours.
Surface antigen. Phenotype.
Culture conditions.














































































































Figure 24. Phenotype of differentiating BPP cells.
IPP cells were cultured for 66 hours with LPS and IL2. The
viable cells were recovered and stained indirectly using
monoclonal antibodies to sheep lymphocyte antigens. The samples
were examined by flow cytometry. Cell number is shown on the
vertical axis and log fluorescence intensity on the horizontal
axis. The staining profile for each antigen is superimposed on
the unstained histogram to aid comparison. A) Ig light chain. B)
IgM. C) IgGl. D) CDS. E) CD4. F) CD8. G) MHC class I. H) MHC







common antigen (LCA) showed little change between the differentiating
and resting populations.
The percentage of cells expressing Ig differed between the culture
conditions. After almost three days, with LPS and IL2, less than half
the cells recovered expressed surface Ig. Previous work described this
chapter shows that by day 6 the percentage of Ig* cells can fall to
approximately 10 %. This is attributable to a switch in the synthesis
of membrane Ig to secretory Ig. When cells were cultured with LPS or
media alone, the drop in Ig* cells was less substantial and indicates
the lack of induced differentiation under these conditions. IL2 alone
caused the loss of Ig from the cell surface in a large number of cells.
However it has already been demonstrated that IL2 alone will not cause
differentiation to the high-rate of Ig secretion found when cells are
cultured with LPS and IL2. The results for expression of IgM were
similar to those for total Ig and will not be discussed further. By
contrast, the percentage of cells expressing IgGl remained unchanged at
approximately 5 %.
The percentage of cells expressing T cell antigens increased
markedly during the differentiative process particularly under culture
conditions involving IL2. When IPP cells were cultured with LPS and IL2
the percentage of CD5-bearing cells increased to 35 %. This CD5
positive population appeared to be composed mainly of CD8* cells with
much fewer bearing CD4. Similarly IL2 alone increased the proportion of
CD5+ cells to 37 %.
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INCREASES IN CYTOPLASMIC MHC CLASS II AND IMMUNOGLOBULIN DURING
DIFFERENTIATION. .
Cells remaining after the immunofluorescence experiment described
above were used to prepare cytospin preparations. These were stained
for Ig light chain and MHC class II (Figure 25). A substantial
proportion of cells showed a marked increase in cellular Ig. By ELISA,
this increase has been determined to be approximately twenty six-fold.
In addition, there was a large increase in the level of staining for
cytoplasmic MHC class II by immunohistology (Figure 25). Assuming the
number of epitopes per molecule has not changed during differentiation,
this is indicative of an increase in the number of MHC class II
molecules per cell. However, the same preparation of ceils stained for
surface MHC class II molecules using the same monoclonal antibody
showed a slight fall in the mode fluorescence intensity (Table XVII)
indicating a fall in the density of MHC class II molecules on the cell
surface. Possible reasons for the large increase in total cellular
class II in the apparent absence of increased surface expression will
be discussed.
This observation was confirmed by Western blotting analysis of
resting and differentiating cells. One hundred million cells from both
samples were solubilised in 0.3 mis of lysis buffer. These were diluted
similarly in SDS-PAGE sample buffer and run on a 12 % polyacrylamide
gel. The separated proteins were transferred to nitrocellulose paper
and after blocking were probed by VPM 16, a mouse monoclonal anti-
sheep MHC class II /3-chain antibody. Trie result is shown in Figure 26.
Gi
Fi.gi.ire 25. Changes in the cellular- content of Ig light chain and
MHC class II during differentiation.
Cytospins were prepared of resting (a, b, and c) and
differentiating cells (d, e, and f). The preparations were
stained indirectly for Ig light chain (a and d), MHC class II (b




Figure 26. Increase in MHC class II content of differentiating
IFP cells compared to resting IPP cells.
One hundred million resting (A) and differentiating cells (B)
were solubilised in 0.3 ml of 0.5% NP-40. The differentiating
cells were obtained after 3 days in culture with LPS and IL2
under optimal conditions. The samples were run on a 12.5%
acrylamide gel under dissociating conditions. The distance
migrated by certain marker proteins and their molecular weights










Increase in MHC class II content of differentiating IFP cells compared




The blot confirms that there is a marked increase in MHC class II 13-
chains in differentiating cells.
DISCUSSION.
The ileal Peyer's patch lymphocyte can be induced to differentiate
to IgM secretion. Cells recovered after 24 hours of culture with LPS
and IL2 showed a doubling in fluorescent intensity when stained with a
monoclonal anti-MHC class II antibody. Dr J. Hopkins (personal
communication) has shown by Scatchard analysis that this approximately
corresponds to a doubling in the number of MHC class II molecules on a
cell assuming that the number of epitopes per molecule does not change.
However, it is uncertain as to whether this corresponds to the early
increase in MHC class II antigens seen .in other species as a
consequence of B cell activation (LeClerq et al 1986) as this increase
is at least partly attributable to culturing IPP cells in medium alone
and results from the death of an immature MHC class II-low population.
It therefore appears that cell recovery after 24 hours is a more
accurate estimate of sheep B cell activation than an early increase in
membrane class II as used by other investigators. However, the number
of MHC class II-high cells recovered after 24 hours of culture with LPS
or LPS and IL2 cannot be explained merely by selective survival. This
LPS-mediated effect may be due to the induction of cell division or to
the promotion of MHC class II expression and survival in a population
of cells previously bearing low amounts of class IT. The latter
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suggestion is clearly computable with the finding in a previous
experiment (Table XI) that LPS may promote the survival of cells which
would otherwise die in culture. This mechanism operates within the
first ten hours of culture. Hammerling et al (1976) has already shown
that LPS increased the expression of la antigens on immature murine B
cells. Similarly, Miyasaki et al (1984) demonstrated that PMA increased
MHC class II expression on IPP cells after overnight culture,
apparently in the absence of substantial cell death. Therefore, it is
proposed that LPS acts on at least a subset of IPP cells early in the
culture period to promote MHC class II expression and presumably cell-
cycle progression until the cells reach an appropriate arrest point
(Melchers and Andersson 1986). IL2 appears to be required later than
LPS (Table XII) and allows the cells to proceed to cell division (Table
III). As these later stages of the cell cycle are associated with a
fall in class II expression, the addition of IL2 to LPS-stimulated
cells results in fewer MHC class II-high cells at 24 hours.
B cell-helper T cell interactions occur early in the formation of
an antibody response. Increases in MHC class II are therefore
synchronised with the period of maximal cell-cell contact. Subsequent
to this period, the expresion of MHC class II molecules on murine B
lymphocytes falls until the fully differentiated plasma cell bears
little or no MHC class II. In the sheep, there does not appear to be a
large MHC class II negative population even at day 6 of culture when
about 85 % of the B cells have completely lost surface Ig. This
suggests that there is a difference between the plasma cells of sheep
and mice, or that the IPP cells are not fully differentiated. In view
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of the high-rate of secretion capable by these cells, the latter would
be very unlikely. It is important to note that activated sheep T cells
express large amounts of MHC class II antigens whilst murine T cells do
not. The reasons for these differences may not be unrelated, and are
possibly due to the large size of lymphoid organs in sheep compared to
mouse. The continued expression of MHC class II molecules by a
differentiating B cell in vivo (a sheep spleen is approximately 7-10
times the mass of an adult mouse) may play an important role in
processes controlling differentiation.
While it is clear that the expression of membrane MHC class II
falls as differentiation proceeds, it was surprising to find that
there is a large increase in cellular MHC class II content. This was
demonstrated by the increased immunohistological staining of
differentiating cells compared to resting cells and confirmed by
protein blotting analysis of solubilised cells. The reason for the
discrepancy is unknown. One suggestion is that following antigenic or
mitog'enic stimulation, increased synthesis of MHC class II molecules
occurs. Increased expression of class II molecules on murine B cells
can occur independantly of antigen, for example as a result of IL4
treatment. The model of sheep B cell differentiation described in this
thesis does not require antigen-specific stimulation of the B cells and
it may be that activation under these unusual conditions causes a
perturbation of the normal mechanisms controlling the surface
expression of membrane class II. Since activated cells cannot be
distinguished on the basis of their surface expression of MHC class II
molecules, the control of the increase in cellular class II should be
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investigated. It is not known whether this increase in cellular MHC
class II molecules occurs in cells cultured under conditions which do
not give rise to immunoglobulin secretion. If this is not the case,
this would suggest that LPS and IL2 stimulate synthesis of class II
molecules as part of the differentiative process but for unknown
reasons fail to promote increased surface expression.
The loss of Ig from the cell surface has been referred to earlier.
This can occur within 24 hours of the initiation of culture and by the
latest time point examined there are only 15 % of B cells expressing
membrane Ig. Hence it can be concluded that sheep plasma cells do not
express Ig. This change in the production of heavy chains is likely
to result initially from a change in the differential splicing pattern
of the primary mRMA transcript of the hea\y chain genes. This
alteration results in the accumulation of cytoplasmic Ig'M. The
substantial change in function of the B cell is marked by an increase
in the number of mitochondria per cell and the development of rough
endoplasmic reticulum. The morphology of the sheep plasma cell is
demonstrated in Figure 22.
The increased numbers of cells bearing CD5 antigens confounds this
description of B cell differentiation. The influence of these
contaminating T cells on B cell differentiation is unknown and requires
further work. It is interesting to note that the majority of these
cells are CD8f, this molecule is normally associated with the
suppressor/cytotoxic subset of T cells. The percentage of CD8* cells in
the starting populations usually exceeded CD4+. The role or origin of
these cells is unknown. It has not been possible to demonstrate cells
ill
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bearing T cell antigens within a follicle and therefore it is concluded
that these cells originate in the lamina propria of the overlying
mucosa. Since the gut is a region of immunological surveillance where
inappropriate immune responses are extremely undesirable, it is not
surprising to find a CD8:CD4 ratio higher than in other parts of the
immune system. In addition, it has been demonstrated that CD8* cells
retain responsiveness to IL2 while CD4* cells quickly lose
responsiveness (Smith and Cantrell 1985), this would explain the
greater expansion of the CD8* subset compared to the GDI* cells.
If it is assumed that the CDS* and B cell populations are mutually
exclusive and that the CDS* cells include all the non-B lineage cells,
then the number of surface Ig~ B cells after 3 days can be calculated.
The results are shown below.
Culture conditions. Number of slg" B cells.
(x 106).




Although these results only apply to the situation after 3 days in
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culture, it is surprising that so many IPP B cells respond to
stimulation by IL2 alone by losing membrane Ig. It is clear from work
in the previous chapter that this event does not lead to substantial
secretion. However IL2 alone does cause proliferation of IPP cells
(Table III) and since this proliferation is inhibited by anti-Ig (Table
V) it seems very likely that the responding cells are B cells. Hence it
may be that at least in vitro, cells of the B cell lineage can be
induced by IL2 alone to differentiate down an Ig+ to Ig- pathway which
does not terminate in the formation of an immunogTobulin-secreting
cell. The role of the T cell population or its soluble factors in this
event is unclear; as is the function of the B lineage cell produced.
This chapter describes the application of many techniques (eg FACS,
immunohistology, electron microscopy, polyacrylamide gel
electrophoresis and protein blotting) to determining the morphological
and phenotypic changes occuring in IPP cells as they differentiate to
immunoglobulin secretion. The results provide valuable information but
leave several questions unanswered. For example, what is the role of
MHC class II molecules in the cytoplasm of differentiating cells and on
the surface of sheep plasma cells? With the current interest in sheep






This thesis has described the establishment and the
characterisation of an in vitro model for B cell differentiation in
sheep. The discussions at the end of Chapters Two to Five have dealt
with the results obtained and they will not be repeated here. However,
the main findings are incorporated in the table below. This work has
considerably advanced our knowledge of sheep B cell differentiation. In
particular, it is possible to propose a pathway from IPP to terminally
differentiated plasma cell.
The IPP is undoubtedly the major source of newly formed B cells in
the lamb but only a small proportion of cells formed within the IPP
ever leave. It must be remembered trial the IFP cells obtained by the
method described probably reflect virtually all stages of B cell
development, however the finding that the vast majority of cells
express membrane Ig'M indicates that the cell preparation is biased
towards cells in the later stages of intra-IPP development to the
apparent exclusion of the earlier B lineage cells ie membrane IgM-ve
pre-B cells. Of the cells obtained by the method described, I propose
that some would be about to exit the IPP. Logic dictates that these
more mature B cells are most likely to be those that survive in cell
culture system used in this thesis; therefore these cells are those
that I describe as MHC class II-high in Chapter Five. Other less mature
B cells will die off if cultured in standard medium alone. However, it
appears that the presence of LPS can permit the survival of some of













































































































































































culture. These cells increase their expression of membrane MHC class
II by 24 hours after the initiation of culture.
Up to this stage in development in the IPP, the developing E cells
do not encounter exogenous antigen. Therefore the crosslinking of
membrane Ig of B cells within the IPP must indicate that the B cell has
a specificity for endogenous or host antigen(s). The finding that
rabbit anti-sheep Ig causes massive inhibition of thymidine
incorporation by resting B cells suggests that a mechanism operates to
delete such cross-linked cells (Raff 1970). This mechanism would reduce
the risk of autoimmune disease. It would be important to determine
whether this inhibition requires cross-linking of membrane Ig or merely
binding of Ig; this could be tested by using monovalent Fab fragments
rather than divalent intact molecules. Alternatively, the inhibition
may be a result of crosslinking of Fc receptors and Ig. Klaus (1984)
proposes that this occurs to limit further immune stimulation in the
presence of excess bound antigen; this could be tested by using F(ab)2
fragments instead of whole immunoglobulin molecules. It therefore
appears that this marked inhibition by anti-sheep Ig reflects a
physiological event in B cell differentiation.
There is certainly a requirement for LPS early in the culture
period for a proportion of the cells and it appears that Ig secretion
is not diminished or delayed if IL2 is not added until 15-20 hours
after the addition of LPS to the cells. It is therefore suggested that
LPS acts on the B cells to induce IL2 responsiveness. Whilst it has not
been demonstrated that IL2 acts directly on the B cells, it has been
demonstrated that LPS and IL2 act synergist ically to promote Ig
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secretion and that this synergism is abolished by the presence of anti-
sheep Ig. Further work is required to determine the role of IL2 in
sheep B cell differentiation and this is discussed below.
By 48 hours after the initiation of culture, there are major
changes in cell size and cytoplasmic complexity. In addition, the cells
have started to synthesize new immunoglobulin molecules as shown by the
large increase in intracellular immunoglobulin by ELISA and
immunohistology. When differentiating IPP cells were examined by
transmission electron microscope after 3 days, formation of endoplasmic
reticulum and additional mitochondria was evident. The latter
developments reflect the requirements for a synthesis and secretion
function. That this new immunoglobulin is destined for secretion is
indicated by the rapid loss of membrane immunoglobulin from the surface
of differentiating cells. It would seem likely that this occurs, at
least initially, via a differential splicing mechanism for the RNA
encoding the entire IgM molecule ie including the transmembrane region.
As well as the loss of surface Ig, IPP cells express less MHC class
II as differentiation proceeds. This is not surprising as it is
proposed that the role of MHC class II is principally in cell-cell
interactions and in antigen presentation in particular. These events
occur early in the pathway. In fact, it is not known what factors, if
any, influence the latter stages of differentiation. Therefore it was
surprising to find the large increase in intracellular MHC class II at
a comparatively late stage of differentiation. This is further
discussed below.
Finally, high-rate secretion of Ig starts on approximately day 4
lu-lf
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and continues until day 6-7. This is consistent of other estimates of
plasma cells lifespan of 3-4 days. The limited life span of the plasma
cell clearly plays an important role in the homeostasis of the immune
response as a method for avoiding prolonged and dangerous levels of
circulating immunoglobulins. Obviously in the continued presence of
free antigen, there will be continuing B cell activation to initiate
further secretion. As antigen levels fall, only the cells with the
highest affinity for antigen will bind antigen, this probably plays a
role in the phenomenon known as affinity maturation.
The above description refers to work performed in this thesis and
proposes how it accords about what is known in other species. However,
an additional value of this model of sheep B cell differentiation is in
the work which it now enables to be performed. The following discussion
is not intended to be complete but indicates some work which was
planned or even started during my AFRC fellowship but was not included
in the main chapters.
LYMPHOKINES.
The nature of the target cell for IL2 in this assay is unclear.
However this is not a unique conclusion. A recent workshop at the Basel
Institute of Immunology was similarly undecided although the concensus




1986). If it assumed that recombinant human IL2 has a direct effect on
IPP cells, then this suggests that ovine IL2 will also have B cell
differentiation factor activity. This property can be used to screen
preparations (cell supernatants or body fluids) for BCDF activity. As
stated in Chapter One, a principal advantage of the ovine immune system
is the ability to study events occur ing' in single lymph nodes. A
preliminary study has been performed. Dr John Hopkins cannulated the
efferent lymphatic of the popliteal lymph node of sheep which had been
previously immunised with ovalbumen. The drainage area of the lymph
node was injected with 10 jjg of ovalbumen in PBS and the cells exiting
via the efferent lymphatic were collected and cultured for 24 hours in
medium. This was done daily and the harvested supernatants were tested
for BCDF activity. A marked increase in BCDF activity was observed on
days 4-6 with a large peak on day 5. However, studies of this kind are
confounded by the large amount of Ig present in the supernatant of the
in vivo activated cells. The calculation of BCDF activity therefore has
to be performed by subtraction which would obviously increase errors.
Secondly, the presence or absence of a lymphokine at a particular stage
in a physiological process can be misleading. Finkleman et al (1986)
found that considerable absorption of IL4 could occur by the in vivo
activated cells. Therefore the absence of BCDF activity does not
indicate that none was released. It seems likely that this complication
will plaque attempts to dissect the immune system by this approach.
The purification of ovine lymphokines is important to the understanding
of B cell differentiation. This assay is easily adapted to screening
large numbers of fractions from chromatographic separations. I
(Ifl
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performed all secretion assays in 24-well plates but they can equally
easily be performed in 96-well plates.
The characterisation of lymphokines will inevitably raise questions
regarding their cellular receptors. The availability of large numbers
of IPP cells will allow their characterisation by radio-labelling and
cross-linking studies.
IMMUNOGLOBULINS.
In Chapter Four, it was demonstrated that the predominant Ig
isotype secreted was IgM. Unfortunately the absence of reliable
reagents for several isotypes of sheep Ig made it difficult to
determine the contribution from isotypes other than IgM. As discussed
above the screening of supernatants from a variety of sources may
generate Ig isotype secretion markedly different to that obtained by
recombinant IL2 alone. The generation of monoclonal antibodies to the
other ovine Ig isotypes is clearly a priority. In addition the
development of alternative assays such as plaque forming assays would
allow analysis despite the presence of Igs in the test supernatant.
The apparent appearance of a novel Ig molecule which is coexpressed
with IgM suggests that the IPP cells express the ovine equivalent of
IgD. Since the IPP is a region of B cell development, this finding is
not entirely unexpected. The IPP cells are likely to be suitable for




The finding that IPP cells cultured with LPS and 1L2 accumulate
large amounts of MHC class II molecules in their cytoplasm was
unexpected as these cells do not express additional surface MHC class
II compared to cells cultured in medium alone. Since MHC class II is
believed to play its major role while on the cell surface the
importance of vast amounts of cytoplasmic MHC class II is unknown.
Studies into the control of expression of MHC antigens on sheep B cells
should be pursued.
In addition, the finding that sheep plasma cells express MHC class
II provides an important distinction with murine plasma cells. The
continued expression of MHC class II is likely to be relevant to the
control of the terminal differentiation of sheep B cells. This is
dissimilar to the murine situation whereby the terminal differentiation
of B cells occurs in a predetermined manner and is apparently without
extracellular influence. It remains to be determined at which stage
does differentiation to Ig secretion become inevitable for sheep B
cells. To this end, it is interesting that IL2 alone will act on sheep
B cells to give rise to an Ig- population. It is clear that the IL2 is
indeed acting on B cells since the proliferation induced by IL2 alone
is substantially inhibited by rabbit anti-sheep Ig. However there is
little enhancement of Ig secretion by IL2 alone despite the Ig+ to Ig-
progression. The role of the Ig -ve B cell so formed is unknown and




The role of the contaminating T cell population has been referred
to. Improved cell purification techniques may help to answer some
questions raised. In addition, it has been proposed that the occurence
of T cell contamination is related to the age of the animal and that
new-born animals would therefore be an ideal source of purified B
cells. Unfortunately, this would obviously limit experiments to within
the lambing season and would be considerably more expensive.
MOLECULAR. STUDIES.
These studies were initiated before the conclusion of my
experimental work but could not be pursued due to lack of time. Initial
studies were aimed at studying mRNA levels in resting and
differentiating cells. A probe for the Cp gene had been obtained from
Dr Terry Rabbits at the MRC in Cambridge. It is hoped that due to the
length of this probe and the considerable amount of homology which
occurs between the jj chains of even distantly related species that
cross hybridisation will occi.ii'. This approach may lead to important







MEDIA AND CELL CULTURE REAGENTS.
RPMI 1640 was obtained from Gibco or Flow Laboratories.lt was
supplemented with 10% foetal calf serum (FCS),5 x 10-5M 2-
mercaptoethanol and 2mM L-glutamine. Recombinant interleukin 2 (IL2)
was received from Biogen SA of Geneva (batch number P50/51).
Lipopolysaccharide (LPS) purified by phenol extraction and Concanavalin
A (Con A) were purchased from Sigma Chemical Company Ltd. (Dorset,
England).
MONOCLONAL ANTIBODIES.
Monoclonal antibodies against sheep T cell antigens CDS, CD4, and
CD8 were obtained from Dr. M. Brandon of the University of Melbourne
(Maddox, MacKay and Brandon 1985, MacKay, Maddox, Gogolin-Ewens and
Brandon 1985). Drs Hopkins and Dutia of this department supplied
monoclonal antibodies VPM 19, VPM 16 and VPM 18. These are reactive
with ovine MHC class I, MHC class II and leucocyte common antigens
respectively (unpublished data). Other monoclonal antibodies used,
(VPM-8, WM-6, VPM-13) are described in Chapter Two.
ANIMALS AND THE SOURCE OF OVINE TISSUES.
All sheep were out-bred animals and were obtained from various
rS»
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sources. During experiments, they were housed in the animal house of
the Department of Veterinary Pathology. Rabbits and Balb/c mice were
bred and reared in the animal house.
Wherever possible the Edinburgh District Council slaughterhouse at
Gorgie was used as a source of normal ovine tissues. All animals were
being killed for human consumption and were examined both pre- and
post-mortem for signs of disease. Unless otherwise stated, these
tissues were obtained from animals less than 12 months old. In
particular, it was possible to obtain samples from the ileal Peyer's
patch, thymus, spleen, and mesenteric lymph node.
PREPARAiION OF OVINE IMMUNOGLOBULINS.
Purification of IgM: Ovine IgM was purified from serum obtained at
the City of Edinburgh slaughterhouse by affinity chromatography using
VPM 13 antibody conjugated to Sepharoso.
Preparation of IgGl: Ovine IgGl was obtained from ovine colostrum
by ion exchange chromatography (Watson, Brandon and Lascelles 1974).
Briefly, the colostrum was centrifuged at 20000 g for 60 minutes to
remove the chylomicrons and then the immunoglobulins were precipitated
in 18% sodium sulphate. The precipitate obtained after centrifugation
was washed in 18?£ sodium sulphate and then resuspended in distilled
water. This solution was dialysed against 20 mM phosphate pH 7.4 and
applied to a DEAE-cellulose column equilibrated against the same
buffer. After the initial unretarded protein run-through was monitored
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by spectrophotometry, a linear gradient was started from 20mM phosphate
to 200 mM phosphate (all at pH 7.4). Elution of IgGl at an ionic
strength of approximately 0.125 M was determined by
Immunoelectrophoresis as it has a characteristic migration in agarose
gels. The IgGl was precipitated using a rabbit anti-sheep serum
antiserum prepared by David Veitch. Lines were stained by Coomassie
blue.
Pure IgGl was obtained by affinity chromatography using VPM-6
antibody conjugated to Sepharose.
Preparation of IgG2: IgG2 was enriched from normal sheep serum by a
similar method to that employed to obtain IgGl. The sodium sulphate
precipitable fraction was dialysed against 20 mM phosphate pH 8.3 and
applied to a DEAE-cellulose column equilibrated against the same
buffer. After washing the column a linear gradient was run from 20 mM
to 100 mM phosphate (all at pH 8.3), the IgG2 was elutsd at
approximately 50 mM phosphate.IgG2 containing fractions were analysed
by Immunoelectrophoresis versus rabbit anti-sheep serum antiserum.
Ovine IgG2 has a distinct cathodal migration by IEP.
Preparation of IgA: IgA was obtained from lung fluid from a
clinical case of pulmonary adenomatosis. This condition is
characterised by the production of large amounts of bronchial
secretions. The lung fluid was centrifuged to remove chylomicrons and
then a standard sodium sulphate precipitation was performed. The
solution was dialysed against 20 mM phosphate pH 7.4 and applied to a
DEAE column. After washing, a linear gradient was run to 200 mM
phosphate at the same pH. The IgA was eluted slightly later than the
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IgGl. IgA content was monitored by IEP with antisera against whole
sheep serum and IgA-heavy chain specific antiserum prepared as
described below. The IgA-containing fractions with the least ammounts
of IgGl were pooled and dialysed against 50 mM tris, 0.15 M NaCl pH
8.0.
PRODUCTION OF ANTISERA.
Antisera were produced in rabbits by two intra-muscular injections
of antigen in complete Freund's adjuvant (CFA) 14 days apart. After a
rest of 1-3 months, 50j;g of antigen was injected intravenously. Bleeds
of 40 mis were taken every 7 days thereafter while litres remained
good. The blood was allowed to clot at room temperature for one hour
and then kept at 4°C overnight. The serum was collected and stored at
-20°C.
Production of an antisera specific to IgA-heavy chain. A rabbit was
immunised with IgA as described above. In order to remove reactivity
to light chains and any contaminating IgGl in the original preparation
of IgA, the sera was exhaustive absorbed against IgGl-Sepharose until
y
the sera showed no reactivity to IgGl by IEP and ELISA. By Western
blotting, the sera only bound to a single band in the region of 59 kD.
Ovine IgGl lias a molecular weight by SDS-PAGE of 55 kD.
PRODUCTION OF MONOCLONAL ANTIBODIES (Kohler and Milstein 1975).
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Spleen cells from appropriately immunised mice were fused with
cells of the arninopterin-sensitive myeloma, NSO, with 50% polyethylene
glycol 1500 (various sources). Mice were given an intravenous injection
of antigen four days prior to being killed by cervical dislocation.
The spleen was removed by sterile techniques and placed in a Petri dish
with warm RPMI-1640 medium. A single cell suspension of spleen cells
was prepared using two 19-gauge needles with shafts bent at right
angles. These were used to disrupt the capsule and to gently scrape the
cells into the medium. Cells were transferred to a plastic universal
tube and clumps allowed to settle for five minutes. Hie cell suspension
was removed, washed and counted. The spleen cells were mixed with NSO
cells in the ratio of 3:1 and centrifuged. The disrupted cell pellet
was warmed to 37"C. Polyethylene glycol 1500 was adueu slowly over one
minute with shaking to prevent agglutination of cells and after a
further at 37°C,warm RPMI-1640 medium was added slowly, 5 mis over five
minutes followed by 8mls over three minutes. After further washing the
cells were resuspended in 100 mis of RPMI-1640 with 20% FCS, 2-ME, L-
glutamine and HAT. The cells were plated out in 96 well flat-bottomed
plates and cultured at 37°C with 5% carbon dioxide.
After an appropriate period, supernatants were taken and
tested. Hvbridomas secreting antibodies with the required specificity
were grown up into larger volumes and cloned by limiting dilution using
normal mouse spleen cells as filler cells. All hybridoma cell lines
were regularly recloned and fresh vials laid down to replace those
which were more than 12 months old.
hi
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CRYOPRESERVATION OF HYBRIDOMA CELL LINES.
Cell growing under optimal conditions were collected by
centrifugation at 300g. The pellet was disrupted and slowly cooled.
Freezing mixture (7% DMSO in RPMI-1640 with 30% ECS) was added dropwise
to give a final cell concentration of approximately 107 per ml. The
cell suspension was aliquoted into Linde vials and gradually cooled at
-30°C overnight inside a polystyrene box.The vials were then
transferred to a ~70°C or a liquid nitrogen freezer.
IMMUNOHISTOLOGY.
Tissue samples were obtained from the abbatoir as described below.
These were brought back to the laboratory on ice in order to minimise
post-mortem artifacts. The sections were prepared by Brian Kelly of
this department. Sections were allowed to warm to room temperature and
then fixed in acetone at -20°C for 2 minutes. Sections were then
incubated for 30 minutes with an appropriate dilution of the antiserum
or monoclonal supernatant in a final volume of 50 pi. The slides were
washed three times in PBS for 5 minutes each. The area surrounding each
section was carefully dried, taking care to avoid touching the section.
The appropriate peroxidase conjugated anti-immunoglobulin was diluted
and applied to the section for 15 minutes. After washing three times as
above the slides, were washed in 50 ml of Tris buffer for 10 minutes.
The slides were developed in 0.05% 3,3'-diaminobenzidine
i5C
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tetrahydrochloride in tris buffer containing 0.03% hydrogen peroxide.
After 15 minutes at room temperature the slides were rinsed twice in
tris buffer. On occasions, the slides were counterstained using'
methylene green in order to aid orientation of the section. Slides were
mounted and viewed using transmitted light optics.
AFFINITY CHROMATOGRAPHY.
Cyanogen bromide-activated Sepharose 4B was purchased from Sigma
Chemical Company Ltd. The powder was swollen by washing with 1 mM HC1
over a sintered glass filter using 200 ml per gram of dry gel. The
protein to be coupled was dialysed against conjugation buffer (0.1 M
sodium bicarbonate pH 8.3 with 0.5 M sodium chloride) to give 5 mgs of
protein per ml of gel. The swollen gel was washed quickly with
conjugation buffer and then added to the protein solution. The mixture
was rotated overnight at 4°C to allow coupling. The remaining active
sites were blocked using 0.2 M glycine pH 8.0. Adsorbed protein was
removed by alternately washing the gel with conjugation buffer and 0.1
M glycine pH 2.5. The Sepharose conjugate was stored in the presence of
0.1% sodium azide at 4°C.
Before use the gel was transferred to a small plastic column or
syringe barrel and washed with running buffer (50 mM tris with 0.15 M
NaCl pH 8.0). Any adsorbed protein was then removed using 3 column
volumes of 0.1 M glycine pH 2.5; the gel was then washed with running
buffer again. The solution containing the protein to be purified was
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allowed to run through the gel at the approximate rate of five column
volumes per hour. Where there was a large discrepancy between the
volume of the solution and the gel, the gel was removed from the
column and rotated overnight at cold room temperatures. The column was
then washed extensively with greater than fifteen column volumes of
running buffer, ensuring that the reservoir of buffer at the head of
the column was minimal. The gel was eluted using eluting buffer and 2
ml samples collected. Protein elution was monitored using
spectrophotometry and protein-containing samples were dialysed against
running buffer in the first instance.
When purifying proteins from solubilized cells, 0.5% Nonidet P4Q
was included in all buffers. As NP-40 interferes with spectrophotometry
it was neccessary to determine protein content by other means; usually
SDS-PAGE.
SODIUM DODECYL SULPHATE (SDS) POLYACRYLAMIDE GEL ELECTROPHORESIS.
The mini-gel apparatus was purchased from Bio-Rad Laboratories and
was used according to the method of Laemmli (1970). The gel moulds were
assembled and the separating and stacking gels prepared as described
below. Ten per cent gels were most commonly used.
156
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Separating gel. volume(ml) to give
final polyacrylamide concentration.
7.5% 10% 12.5!
acrylamide stock. 6.0 8.0 10.0
1M tris-HCl pH 8.8 15.0 15.0 15.0
water 17.7 15.7 13.7
10% w/v SDS 0.4 0.4 0.4
1.5% ammonium persulphate 0.9 0.9 0.9
TEMED 0.025 0.025 0.0
Stacking gel. volume!ml)
acrylamide stock 1.0
1M tris-HCl pH 6.8 1.25
water 7.3
10% SDS 0.1
1.5% ammonium persulphate 0.35
TEMED 0.01
After the gel has polymerized, the gel moulds were removed and fitted
to the tank assembly. The electrode compartments were filled with
electrode buffer and the samples were prepared by diluting in sample
buffer and heating at 100°C for 3 minutes. After loading lOjjl of each
sample, the electrodes were connected to a power pack. Electrophoresis
15°!
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was carried out at 20-30 mA per gel (two gels per tank) and was stopped
when the bromophenol blue reaches the bottom of the gel; this was
usually within one hour. The gels were removed from the moulds and
processed as required.
COOMASSIE BLUE STAINING OF SDS-POLYACRYLAMIDE GELS.
The gel was incubated with 0.025% Coomassie brilliant blue R in 50%
v/v methanol, 5% v/v acetic acid for 60 minutes on an orbital shaker.
The gel was then briefly washed in distilled water and then destained
in 5% v/v methanol 7.5% v/v acetic acid until a clear background was
obtained. The gel was stored after being dried onto filter paper using
heat and suction.
SILVER STAINIING OF SDS-POLYACRYLAMIDE GELS.
Gels were incubated with 50% v/v methanol,10% v/v acetic acid for
15 minutes followed by a further incubations in 5% v/v methanol,7.5%
v/v acetic acid and then 10% v/v glutaraldehyde. After extensive
washing in distilled water the gels were placed in a 0.1% w/v solution
of silver nitrate for 15 minutes. The gels were washed again and then
incubated in developer (50jjl of formaldehyde in 100 mis of 3% w/v
sodium carbonate). The developer was changed 2-3 times. When the colour
change appeared to be complete, the reaction was stopped using five mis
I to.
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of 2.3M citric acid per 100 mis of developer. After washing', the gels
were placed in 10% v/v Ilford Fixer for two minutes. The gels were
washed and dried and stored away.from sunlight.
PROTEIN BLOTTING OF SDS-POLYACRYLAMIDE GELS.
At the end of electrophoresis, the gels were removed from their
moulds and washed in transfer buffer (80% v/v 192mM glycine 25mM tris
pH8.3, 20% v/v methanol). The proteins were transferred to
nitrocellulose paper using a Semi-Dry Electroblotter (Ancos, Denmark).
All materials were soaked in transfer buffer before assembling the
blotter. The bottom electrode (anode) was covered by six 14 cm2 pieces
of 3MM paper; on top of this was laid a nitrocellulose sheet 0.45 m
pore size. The gels were placed onto the nitrocellulose and covered by
a further six sheets of 3 MM paper. The top electrode (cathode) was
fitted and the apparatus was electrophoresed for 60 minutes at 150 mA.
An appropriate part of the nitrocellulose paper was removed and stained
using 0.5% w/v naphthol blue black in 50% v/v methanol 5% v/v acetic
acid; washed and then destained in 50% v/v methanol 5% v/v acetic acid.
This allowed the quality of transfer to be assessed and also assign
molecular weights to bands seen after immunochemical staining.
The remainder of the sheet was incubated in 5% w/v dried non-fat
milk powder in PBS for 60 minutes to block unbound sites. If the sheet
was to be probed with more than one antibody or antiserum, it was then
cut. Incubations were performed in sealed plastic bags as these
IU
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conserved valuable reagents. With indirect staining, the paper was
washed in 1% skimmed milk powder in PBS and then incubated with the
appropriate anti-immunoglobulin conjugated to horseradish peroxidase
(HRPx). After washing again, the nitrocellulose was incubated in tris
buffer (50 mM tris-HCl pH 7.3) for 5 minutes. The blot was developed in
tris buffer containing 0.05% 3,3'-diaminobenzidine tetrahydrochloride
and 0.03% hydrogen peroxide. This developer was prepared immediately
prior to use. After the bands had appeared, the paper was washed and
allowed to dry. The molecular weights of any bands could be derived
from the markers visualised by naphthol blue black staining. Stained
blots were stored in the dark.
IMMfNOELECTROPHORESIS.
A 1% solution of agar in barbitone buffer pH 8.3 was melted in a
pressure cooker and a layer of this agar was poured onto Gelbondr and
allowed to cool on a level surface. Using a gel cutter, wells and
troughs were marked out on the gel, the plugs of agar were removed
using a vacuum line attached to a Pasteur pipette. Five 1 of antigen
-J
were placed in the wells and was electrophoresed at 6 V/cm of gel. The
progress of the electrophoresis was monitored by adding 2jjl of 0.001%
bromophenol blue to one of the samples eg. normal serum. The troughs
were carefully removed by suction and then filled with tin appropriate
dilution of antiserum and incubated overnight in a humid chamber. Lines
were stained by Coomassie blue after washing and drying.
Appendix.
IMMUNOFLUORESCENCE STAINING AND FLOW CYTOMETRY.
Cells were washed in Hank's buffered salt solution with 1% bovine
serum albumin and 0.1% sodium azide, and 2 x 106 were placed in a
Rhesus tube. Fifty microlitres of appropriately diluted antibody
solution were added and incubated for 15 minutes at 4°C. Cells were
washed in medium twice and incubated in fluorescein isothiocyanate-
con.jugated second antibody for 15 minutes at 4°C. After further washes,
the cells were examined. For ultra-violet microscopy, the cells were
transferred to a slide after being resuspended in 10% glycerol in
phosphate bufferred saline (PBS) plus azide. A coverslip was added and
sealed using nail varnish.
For flow cytometry, where possible the cells were studied as
soon as possible after staining. When this wTas not the case, the cells
were fixed in 1% freshly prepared paraformaldehyde in medium and stored
in the dark at 4°C until analysis. Ten thousand cells were analysed
using' the FACS IV in the Department of Zoology, University of
Edinburgh. Polaroid photographs were taken of the monitor in order to
demonstrate staining profiles.
SOLUBILISATION OF LYMPHOCYTES.
The cells to be solubilised were suspended in 0.5 ml PBS and cooled
id
Appendix.
on ice for ten minutes. One millilitre of the detergent solution, 1%
w/v Nonidet P40 in PBS containing ImM EGTA was cooled separately. A 0.1
M solution of phenylmethylsulphonyl fluoride (PMSF) in acetone was
made. One microlitre of this protease inhibitor and 0.5 ml of the
cooled detergent solution was added to the lymphocytes. The tube was
inverted gently to mix the contents and incubated on ice for 30
minutes. The mixture was centrifuged at 200g for 10 minutes at 4°C and
the supernatant re-centrifuged at 100 OOOg for 30 minutes at 4°C. The






Abney, E., and Parkhouse, R. M. (1974). Nature 252 600.
A1 Salami, M. , Simpson-Morgan, M. , and Morris, B. (1985). Haemopoiesis
and the development of immunological reactivity in the sheep foetus.
Immunology of the Sheep. (Eds. Morris and Miyasaki) 19.
Alt, F. , Blackwell, T. , Depinho, R. , Reth, M. , and Yanchopoulos, G.
(1986). Immunol. Rev. 89 5.
Andersson, J., Coutinho, A., and Melchers, F. (1978). The switch from
IgM to IgG in single mitogen-stimulated B cell clones. J. Exp. Med. 147
1744.
Ando, I., Crawford, D. , Kissonerghis, M. , Owen, M. , and Beverley, P.
(1985). Phorbal ester-induced expression and function of the
interleukin 2 receptor in human B lymphoc3/tes. Eur. J■ Immunol. 15 341.
Babbitt,, B. , Allen, B. , Matsueda, G. , Haber, E., and Unanue, E.
(1985). Binding of immunogenic peptides to la histocompatability
molecules. Nature 317 359.
Barth, R. , Kim, B. , Lan, N. , Hunkapiller, T. , Scbieck, N. , Winoto, A.,
Gershenfeld, H., Okada, C., Weissman, I., and Hood, L. (1985) Nature
316 517.
Berridge, M. and Irvine, R. (1984) Inositol triphosphate; a novel
second messenger in cellular signal transduction. Nature 312 315.
Boyd, A., Fisher, D., Fox, D., Schlossmann, S., and Nadler, L. (1985)
Structural and functional characterization of IL2 receptors on
activated human B cells. J. Immunol. 134 2387.
Brandon, M. , Watson, D. , and Lascelles, A. 1971. The mechanism of
transfer of immunoglobulin into mammary secretion of cows. Aust. J.
Exp. Biol. Med. Sci. 49 613.
Brooks, K., and Vitetta, E. (1986). Recombinant IL2 but not recombinant
interferon-gamma stimulates both proliferation and Ig'M secretion in a
Ly-1+ clone of neoplastic murie B cells (BCLi). J. Immunol. 137 3205.
Burrows, P., LeJeune, M., and Kearnet, J. (1979). Nature 280 838.
Butler, J., Peterson, L. , and McG?lvern P. (1980). A reliable method
for the preparation of bovine secretory immunoglobulin A (SIgA) which
circumvents problems posed by IgGl dimers in colostrum. Mol. Immunol.
17 757.
Buus, S. , Sette, A., Colon, S-, Jenis, D. , and Grey, H. (1986)
Isolation and characterisation of antigen la complexes involved in T
cell recognition. Cell 47 1071.
ICC
References.
Cantrell, D., and Smith, K. 1983. Transient expression of interleukin 2
receptors: Consequences for T cell growth. J. Exp. Med. 158 1895.
Chen, C., and Cooper, M. (1986). In Avian Immunology, (eds P. Toivanen
and A. Toivanen.) CRC Press.
Coffman, R.L., Ohara, J., Bond, M., Carty, J., Zlotnick, A., and Paul,
W. (1986) B cell stimulatory factor-1 enhances the Ig'E response of
lipopolvsaccharide-activated B cells. J. Immunol. 136 4538.
Cooper, M. , Cain , W. , Van Alten, P., and Good, R. (1969). Int. Arch.
Allergy, AppI. Immunol. 35 242.
Coutinho, A., and Forni, L. (1982) Intraclonal diversification in
immunoglobulin isotype secretion: an analysis of switch probabilities.
EMBO J. 1 1251.
Darnell, J.E. (1982). Nature. 297 365.
Davis, M. , Kim, S., and Hood, L. (1980). DNA sequences mediating class
switching in -immunoglobulins. Science 209 1360.
DeFranco, A.L., Gold, M.R. & Jakeway, J.P. (1987) B-lymphocyte signal
transduction in response to anti-immunoglobulin and bacterial
lipopolysaccharide. Immunol. Rev. 95 161.
Dexter, T., Allen, T., and Lajtha, L. (1977). J. Cell. Physiol. 91 335.
Doyle, C., and Strominger, J. (1987). Interaction between CD4 and Class
II mediates cell adhesion. Nature 330 256.
Dustin, M. , Selvaraj, P., Mattaliano, R. , and Springer, T. (1987)
Anchoring mechanisms for LFA-3 cell adhesion glycoprotein at the
membrane surface. Nature 329 846.
Dutton, R., Falkoff, R. , Hirst, J., Hoffman, M., Kappler, J., Kettman,
J., Lesley, J., and Vann, D. (1971) Is there evidence for a non-antigen
specific diifusable chemical mediator from thethymus derived cell in
the initiation of the immune response. In: Progress in Immunology I.
(Ed. Amos, D.).
Duval, E. , and Wyllie, A. 1986. Death and the cell. Immunol. Today. 7
115. <?
Falkoff, R. , Muraguchi, A., Hong, J., Butler, J., Dinarello, C. , and
Fauci, A. (1983). The effects of interleukin 1 on human B cell
activation and proliferation. J. Immunol, 131 801.
Finkleman, F., Ohara, J., Goroff, D., Smith, J., Villacreses, N., Mond,
J. and Paul, W. (1986) Production of BSF-1 during an in-vivo, T-
References.
dependant immune response. J. Immunol. 137 2878
Gerber, H. , Morris, B. , and Trevella, W. (1985). Humoral immunity in B
cell depleted sheep. In Immunology of the sheep, (eds B. Morris and M.
Miyasaki).
Germain, R. (1986) The ins and outs of antigen processing and
presentation. Nature 322 687.
Gillis, S. and Smith, K. (1977) Nature 268 154.
Glick, B., Chang, T., and Jaap, R. (1956). Poult. Sci. 35 224.
Goding J. and Hertzenberg, L. (1980). J. Immunol. 124 2540.
Gogolin-Ewens.K., MacKay, C., Mercer, W. , and Brandon, M. 1985. Sheep
lymphocyte antigens. I. Major histocompatability complex class I
antigens. Immunology. 56 717.
Gordon, J., and Guy, G. (1987). The molecules controlling B cell
growth. Immunol. Today. 8 339.
Gordon, J., Guy, G. , and Walker, L. (1986). Autocrine models of B
lymphocyte growth. II Interleukin 1 supports the proliferation of
transformed lymphoblasts but not the stimulation of resting B cells
triggered through their receptors for antigen. Immunol. 57 419.
Goverman, J., Minard, K. , Shastri, N. , Hunkapiler, T. , Hansburg, D. ,
Sercarz, E., and Hood, L. (1985) Cell 40 859.
Hammerling, U., Chin, A.F., and Abbott, J. (1976). Ontogeny of murine B
lymphocytes: sequence of B cell differentiation from surface
immunoglobulin negative precursors to plasma cells. Proc. Nat. Acad.
Sci. (USA). 73 2008.
Hatakeyama, M., et al. (1985). Nature. 318 467.
Havran, W. , Di Giusto, D. , and Cambier, J. (1984). mIgM:mIgD ratios on
B cells: mean mlgD expression exceeds mlgM by ten-fold on most splenic
B cells. J. Immunol. 132 1712.
Hertzenberg, L.A., Hertzenberg, L.A., Block, S.J., Loken, M., Okumura,
K. , Van Der Loo, W. , Osborne, B. , Hewgill, D. , Goding, J., Gutman, G. ,
and Warner, N. (1977). Cold Spring Harbor Symp. Quant. Biol. 41 33.
Hill, R., Delaney, R., Fellow, R., Jr., and Lebowitz, M. (1966) Proc.
Nat. Acad. Sci. USA 56 1762.
Hirano, T. , Yasukawa, K. , Harada, H., Taga, T., Wananabe, Y., Matsuda,
T., Kashiwamura, S., Nakajima, K., Koyama, K., Iwamatsu, A., Tsunasawa,
References.
S., Sakivama, F., Matsui, H., Takahara, Y. , Taniguchi, T. , Kishimoto,
T. (1986). Complementary DNA for a novel human interleukin (BSF-2) that
induces B lymphocytes to produce immunoglobulin. Nature 324 73.
Hood, L. , Gray, W. , Sanders, B. , and Dreyer, W. 1967. Light chain
evolution. Cold Spring Harbor Symp. Quant. Biol. 33 133.
Hood, L., Kronenberg, M., and Hunkapiller, T. (1S85) Cell 40 225.
Howard, M., Farrar, J., Hilfiker, M. , et al. (1982). J. Exp. Med. 155
914,
Howard, M., Mizel S., Lachman, L., Ansel, J., Johnson, B., and Paul, W.
(1983). Role of interleukin 1 in anti-immunoglobulin-induced B cell
proliferation. J. Immunol. 137 3748.
Howard, M. , and Paul, W. (1983a) Mechanisms of T cell-B cell
interactions. Ann. Rev. Immunol. 1 211.
Howard, M. and Paul W.E. (1983b) Regulation of B-cell growth and
differentiation by soluble factors. Ann. Rev. Immunol. 1 307.
Hudak, S., Gollnick, S. , Conrad, D., et al (1987). Proc. Nat. Acad.
Sci. (USA). 84 4604.
Jeckinson, E, and Owen, J. (1986). Thymic influences on T cell
development. Progress in Immunology. VI. (Eds. Cinader and Miller). 60.
Jelinek, D., and Lipsky, P. ( 1987) J. Immunol. 139 1005.
Julius, M., Leanderson, T. , Melchers, F. and Wedzel, G. (Editors!
(1986) The role of IL2 in B cell physiology. Editiones <Roche>.
Kappler, J., Roehm, N., Born, W. , McDuffie, M., Kushnir, E., White, J.,
and Marrack, P. 1986. Expression of the antigen-specific MHC-restricted
T cell receptor. Progress in Immunology VI.(Eds. Cinader and Miller)
152.
Kashima, N. , Nishi-Takoaka, C. , Fujita, T. , Talci, S., Yamada, G.,
Hammo, J., and Taniguchi, T. 1985. Unique structure of murine
interleukin 2 as deduced from cloned cDNA. Nature 313 402.
Kataoka, T. , Takeda, S.-I., and Hon.jo, T. (1983) Escherichia coli
extract-catalysed recombination in switch regions of mouse
immunoglobulin genes. Proc. Nat. Acad. Sci. USA. 80 2666.
Kato, K. , and Smith, K. 1986.
Kearney, J., Cooper, M. , and Lawton, A. (1976). B cell differentiation
IC")
References.
induced by lipopolysaccharide. IV. Development of immunoglobulin class
restriction in precursors of IgGl-synthesizing cells. J■ Immunol. 117
1567.
Kearney, J., and Lawton, A. (1975). B lymphocyte differentiation
induced by lipopolysaccharide. J. Immunol. 115 671.
Kikutani, H.S. and 13 others. (1986) Molecular structure of the human
lymphocyte receptor for immunoglobulin E. Cell 47 657.
Kinashi, T. , Harada, N., Severinson, E. , Tanabe, T., Sidras, P.,
Konishi, M. , Azuma, C. , Tominaga, A., Bergstedt-Lindqvist, S. ,
Takahashi, M. , Matsuda, F. , Yaoita, Y. , Takatsu, K. , and Honjo, T.
(1986). Cloning of the complementary DNA encoding T cell replacing
factor and identity with B cell growth factor II. Nature 324 70.
Kincade, P., Lee, G. , Watanabe, T. , Sun, L. , and Scheid, M. (1981). J.
Immunol. 127 2262.
Kishi, H. , Inui, S., Muraguchi, A., Hirano, T., Yamamura, Y. and
Kishimoto, T. (1985) J. Immunol. 134 3104.
Klaus, G, Hawrylowicz, C. , Holman, M. , and Keeler, K. (1984).
Activation and proliferation signals in mouse B cells. III. Intact
(IgG) anti-immunoglobulin antibodies activate B cells but inhibit
induction of DNA synthesis. Immunology. 53 693.
Kupfer, A., Swain, S. , and Singer, S. ( 1987) The specific direct
interaction of helper T cells and antigen presenting cells. II.
Reorientation of the microtubule organising center and the
reorganisation of the membrane associated cvtoskeleton inside the bound
helper cell. J. Exp. Med■ 165 1565.
Lanzavecchia, A. (1985) Antigen-specific interaction between T and B
cells. Nature 314 537.
Lanzavecchia, A. (1987) Antigen uptake and accumulation in antigen-
specific B cells. Immunol. Rev. 99 39.
Leanderson, T. (1987). Assays for lymphokines supporting B cell growth.
In: Immunological Methods. Volume III. (Eds. Lefkovits and Pernis).
201.
&
Leanderson, T., and Julius, M. 1986. Mouse B cells do not proliferate
in IL2. Eur. J. Immunol. 16 182.
LeClercq, L. , Cambier, J., Mishal, Z. , Julius, M. , and Theze, J.
(1986). Supernatant from a cloned helper T cell stimulates most small
resting B cells to undergo increased I-A expression, blastogenesis, and
progression through cell cycle. J. Immunol■ 136 539.
Ho
References.
Lee, F., Yokota, T. , Otsuka, T., Meyerson, P., Villaret, D., Coffman,
R. , Mosmann, T. , Rennick, D., Roehm, N. , Smith, C. , Zlotnick, A. and
Arai, K. (1986) Isolation and characterisation of a mouse interleukin
cDNA clone that expresses B cell stimulatory activities and T cell and
mast cell stimulating activities. (1986) Proc. Nat. Acad. Sci. USA 33
2061.
Leibson, H. , Gefter, M. , Zlotnik, A., Marrack, P., and Kappier, J.
(1984). Role of gamma-interferon in antibody-producing responses.
Nature 305 799.
Leonard, W., et al. 1982. Nature. 300 267.
Leonard, W., et al. 1984. Nature 311 626.
Lewis, S., Giford, A., and Baltimore, D. (1985) Science 228 677.
Luzzati, A., Lefkovits, I., and Pernis, B. (1973) Eur. J. Immunol. 3
636.
MacKay, C., Maddox, J., Gogolin-Ewens, K. , and Brandon, M. 1985.
Characterisation of two sheep lymphocyte differentiation antigens SBU-
T1 and SBU-T6. Immunology. 55 729.
Maddox, J., MacKay, C. , and Brandon, M. 1985. Surface antigens, SBU-T4
and SBU-T8 of sheep T lymphocyte subsets defined by monoclonal
antibodies. Immunology. 55 739.
Maddox, J., Mackay, C. , and Brandon, M. 1987. Ontogeny of ovine
lymphocytes. I. An immunohistological study on the development of T
lymphocytes in the sheep embryo and fetal thymus. Immunology. 62 97.
Maddox, J., Mackay, C., and Brandon, M. 1987. Ontogeny of ovine
lymphocytes. II. An immunohistological study on the development of T
lymphocytes in the sheep fetal spleen. 1987. Immunology. 62 107.
Maddox, J., Mackay, C. , and Brandon, M. 1987. Ontogeny of ovine
lymphocytes. III. An immunohistological study on the development of T
lymphocytes in sheep fetal lymph nodes. Immunology. 62 113.
Mak, T. , Caccia, N. , Reis, M. , Ohashi, P., Sangster, R. , Kimura, N. ,
and Toyonaga, B. 1986. Genes encoding thec^-) and gamma-chains of
the human T cell antigen receptor. Progress in Immunology VI.(Eds
Cinader and Miller). 6 176.
Maki, R. , Roeder, W. , Traunecker, A., Sidman, C., Wabi, M. , Raschke,
W., and Tonegawa, S. (1981). Cell 24 353.
Malissen, M. , McCoy, C. , Blanc, D. , Trucy, J., Devaux C. , Schmidt-
Verhulst, A.-M., Fitch, F., Hood, L., and Malissen, B. (1986) Nature
HI
References.
Marcu, K. , Lang, R. , Stanton, L. , and Harris, L. (1982). A model for
the molecular requirements of immunoglobulin heavy chain class
switching. Nature 298 87.
Melchers, F. (1977). Eur. J. Immunol. 7 476.
Melchers, F. & Andersson, J. (1986) Factors controlling B cell cycle.
Ann. Rev. Immunol. 4 13.
Metezeau, P., Elguindi, I., and Goldberg, M. (1984). Endocytosis of the
membrane immunoglobulins of mouse spleen B cells: a quantitative study
of its rate, amount and sensitivity to physiological, physical and
crosslinking agents. EMBO J. 3 2235.
Miedema, F., Van Oostveen, J., Sauerwein, R., Terpstra, F., Aarden, L.,
and Meleif, C. 1985. Induction of immunoglobulin synthesis by
interleukin 2 is T4+/T8- cell dependant. A role for IL2 in the pokeweed
mitogen-driven system. Eur. J. Immunol. 15 107.
Mishra, G., Beraton, M., Oliver, K., Erammer, P., Uhr, J., and Vitetta,
E. (1986). A monoclonal anti mouse LFA-1 antibody mimics the
biological effects of B cell stimulatory factor-1. J. Immunol. 137
1590.
Mitchison, N. A. (1971) The carrier effect in the secondary response to
hapten-protein conjugates. II. Cellular cooperation. Eur. J. Immunol. 1
18.
Mittler, R., Roa, P., Olini, G., Westberg, E., Newman, W. , Hoffman, M.,
and Goldstein, G. 1985. Activated human B cells display a functional
IL2 receptor. J. Immunol. 134 2393.
Miyasaka, M. , Dudler, L. , Bordmann, G. , Leiserson, W. , Gerber, H.,
Reynolds, J., and Trnka, Z. 1984. Differentiation of B lymphocytes in
sheep. I. Phenotypic analysis of ileal Peyer's patch cells and the
demonstration of a precursor population for slg+ cells in the ileal
Peyer's patches. Immunology■ 53 515.
Monroe, J.G. & Kass, M.J. (1985) Molecular events in B cell activation.
I. Signals required to stimulate Go to Gi transition of resting B
cells. J. Immunol. 135 1674.
Moore, K. , Rogers, J., Hunkapille-q T. , Early, P., Nottenburg, C.,
Weissman, I., Bazin, H. , Wall, R. , and Hood, L. (1981). The expression
of immunoglobulin D may employ both DNA rearrangement and RNA splicing
mechanisms. Proc. Nat. Acad. Sci. USA. 78 1800.
Moore, M., and Owen, J. (1965). Nature. 208 989.
Moore, M., and Owen, J. (1966). Nature. 215 1081.
References.
Morrison, D.C. & Ryan, J.L. (1979) Bacteial endotoxins and host immune
responses. Adv■ Immunol. 28 293.
Muraguchi, A., Kerhl, J., Longo, D. , Voikman, D. , Smith, K.,and Fauci
A. 1985. Interleukin 2 receptors on human B cells: Implications for the
role of interleukin 2 in human B cell function. J. Exp, Med. 161 181.
Nakagawa, T., Nakagawa, N. , Goldstein, H., Voikman, D. , and Fauci, A.
(1986). Demonstration that human B cells respond differently to
interleukin 2 and B cell differentiation factor based on their stages
of maturation. J. Immunol. 137 3175.
Nakagawa, T., Nakagawa, N., Voikman, D., and Fauci, A. (1986).
Sequential synergistic effect of interleukin 2 and interferon-gamma on
the differentiation of a Tac-antigen positive B cell line. J. Immunol.
136 164.
Nakamura, R. , Voller, A,, ana Bidvell, D. (1986). Enzyme immunoassays:
heterogenous and homogenous systems. Handbook of Experimen tal
Immunology. Volume 1. Immunoehemistry. (Ed. Weir). 27.
Nakanishi, K. , Malek, T. , Smith, K. , Hamaoka, T. , Shevach, E. , and
Paul, W. (1984). Both interleukin 2 and a second T cell-derived factor
in EL-4 supernatant have activity as differentiation factors in Ig'M
synthesis. J. Exp. Med. 160 1605.
Niedel. J., Kuhn, L. and Vanderbark, G. (1983). Proc. Nat Acad ■ Sc i ■
USA 80 36.
Nikaido, T., et al. 1984. Nature 311 631.
Nishikawa, S.-I., Kina, T., Amagai, T., and Katsura, Y. (1985). Eur. J■
Immunol. 15 696.
Nishizucha, Y. (1984) The role of protein kinase C in cell surface
transduction and tumour promotion. Nature 308 693.
Noelle, R. , Krammer, P. II. , Ohara, J., Uhr, J.W. & Vitetta, E.S. (1984).
Increased expression of la antigens on resting B cells: an additional
role for B cell growth factor. Proc. Nat. Acad. Sci. USA 81 6149.
Noma, Y., Sideras, T., Naito, T., Bergstedt-Lindqvist, S., Azuma, C.,
Severinson, E., Tanabe, T., Kinashi, T., Matsuda, F., Yaoita, Y., and
Honjo, T. (1986) Cloning of the cDNA encoding the murine IgGl induction
factor by a novel strategy using SP6 promoter. Nature 319 640.
Ohara, J. and Paul, W. (1987) Receptors for B cell stimulatory factor-1
expressed on cells of haematopoietic lineage. Nature 325 537.
Oliver, K. , Noelle, R.J., Uhr, J.W., Krammer, P.H. & Vitetta, E.S.
>U
References.
(1985). B cell growth factor is a differentiation factor for resting B
cells and may not induce growth. Proc. Nat. Acad. Sci. USA 82 2465.
Ortega, G. , Robb, R. , Shevach, E. , and Malek, T. 1984. The murine IL2
receptor. I. Monoclonal antibodies that define distinct functional
epitopes on activated T cells and react with activated B cells. J.
Immunol. 126 1393.
Osmond, D. (1986). B lymphocyte genesis in the bone marrow. Progress in
Immunol. VI. (Eds. Cinader and Miller). 49.
Osmond, D., Fahlman, M., Fulop, G., and Rahal, D. (1981). Ciba Found.
Symp. 84 68.
Owen, J., Cooper, M., and Raff, M. (1974). Nature 249 361.
Owen, J., Wright, D. , Habu, S., Raff, M. , and Cooper, M. (1977). J.
Immunol. 118 2067.
Pabst, R. , and Reynolds J. 1986. Evidence of extensive death in sheep
Peyer's patches. II. The number and fate of newly-formed lymphocytes
that emigrate from Peyer's patches. J. Immunol. 136 2011.
Paige, C. , Gisler, R. , McKearn, J., and Iscove, N. (1984) Eur. J.
Immunol. 14 979.
Park, L., Friend, D. , Sassenfeld, H. and Urdal, D. (1987)
Characterisation of the human B cell stimulatory factor-1 receptor. J.
Exp. Med. 166 476.
Parks, D., Lanier, L., Hertzenberg, L. (1986). Flow7 cytometry and
fluorescence activated cell sorting (FACS). Handbook of Experimental
Immunology. Volume 1. Immunochemistry, (Ed. WTeir) . 29.
Paul, WT., Mizuguchi, J., Hornbeck, P., Tsang, W. , Snapper, C., Hu-Li,
J., Watson, C. , Brown, M. and Ohara, J. (1986) Regulation of B
lymphocyte activation: The roles of receptor cross-linkage and B cell
stimulatory factor-1. Progress in Immunology VI 336
Paul, W.E. and Ohara, J. (1987) B cell stimulatory factor-l/interleukin
4. Ann. Rev. Immunol. 5 429.
Pernis, B. (1985). Internalisation,of lymphocyte membrane components.
Immuno1. Today. 6 45.
Perry, R.P. (1981) J. Cell Biol. 91 28.
Peterson, A., and Seed, B. (1987) Monoclonal antibody and ligand
binding sites of the T cell erythrocyte receptor (CD2). Nature 329 842.
ntf
References.
Pike, B. , and Nossal, G. (1985). Interleukin 1 can act as a B cell
growth and differentiation factor. Proc. Nat. Acad. Sci. USA. 82 8153.-
Podack, E. , and Koningsburg, P. (1984). Cyotlytic T cell granulates.
Isolation, structural, biochemical and functional characterisation. J.
Exp. Med. 160 695.
Prakash, S., Robb, R., Stout, R., and Parker, D. (1985). Induction of
high affinity IL2 receptors on B cells responding to anti-Ig and T cell
derived helper factors. J. Immunol. 135 117.
Puri, N. , and Brandon, M. 1987. Sheep MHC class II molecules. II.
Identification and characterisation of four distinct subsets of sheep
MHC class II molecules. Immunology. 62 575.
Puri, N. , Gorrell, M. , and Brandon, M. 1987. Sheep MHC clas II
molecules. I. Immunochemical characterisation. Immunology. 62 567.
Puri, N., MacKay, C., and Brandon, M. 1985. Sheep lymphocyte antigens
(OLA). II. Major histocompatability complex class II molecules.
Immunology 55 725.
Puri, N. , Walker, I., and Brandon, M. 1987. N-terminal amino acid
sequence of the cA and 13 polypeptides from four distinct subsets of
sheep major histocompatability complex class II molecules. J. Immunol.
139. 2996.
Rabin, E.M., Mond, J.J., Ohara, J., and Paul, W.E. (1986) B cell
stimulatory factor prepares resting B cells toenter S phase in response
to anti-IgM and to lipopolysaccharide. J. Exp. Med. 164 517.
Raff, M., Megson, M., Owen, J., and Cooper, M. (1976). Nature■ 259 224.
Raff, M. , Owen, J., Cooper, M. , Lawton, A., Megson, M. , and Gathings,
W. (1975). Differences in the susceptability of mature and immmature
mouse B lymphocytes to anti-immunoglobulin-inducedimmunoglobulin
suppression in vitro: Possible implications for B cell tolerance.
Exp. Med. 142 1052.
Ransom, J.T. & Cambier, J.C. (1986) B cell activation. VII. Independant
and synergistic effects of mobilised calcium and diacylglycerol on
membrane potential and I-A expressic n. J_. Immunol. 136 66.
Ratcliffe, M. (1985) The ontogeny and cloning of B cells in the bursa
of Fabricius. Immunol. Today. 6 223.
Reynard, C.-A., Dahan, A., Anquez, V., Dixon, V., Grimal, H., and
Weill, J.-C. (1986). Generation of diversity during B cell ontogeny in
the chicken. Progress in Immunology. VI. (Eds. Cinader and Miller). 33.
H5
References.
Reynolds, J. 1986. Evidence of extensive lymphocyte death in sheep
Peyer's patches. I. A comparison of lymphocyte production and export.
J. Immunol. 136 2005.
Reynolds, J., and Morris, B. 1983. The evolution and involution of
Peyer's patches in fetal and postnatal sheep. Eur, J. Immunol. 13 627.
Robb, R. , Greene, W. , Rusk, C. 1984. Low and high affinity receptors
for interleukin 2. J. Exp. Med. 160 1126.
Robb, R., Munck, A., and Smith, K. 1981. J. Exp. Med. 154 1455.
Rock, K., Benacerraf, B., and Abbas, A. (1984). Antigen presentation by
hapten-specific B lymphocytes. I. Role of surface immunoglobulin
receptors. J. Exp. Med. 160 1102.
Roehm, N. , Leibson, H. , and Zlotnik, A. et al (1984). J. Exp. Med. 160
679.
Romagnani, S., Giudizi, G., Maggi, E. , ALnerigogna, F., Biagiotti, R.,
Del Prete, G. , Mazzetti, M. , Alessi, A., Vercelli, D. , and Ricci, M.
(1985) Synergy of B cell growth factor and interleukin 2 in the
proliferation of activated human B cells, Eur. J. Immunol■ 15 1158.
Rouse, R. , and Warnke, R. (1986). Special applications of tissue
section immunologic staining in the characterisation of monoclonal
antibodies and in the study of normal and neoplastic tissues. Handbook
of Experimental Immunology. Volume 4. Applications of immunological
methods in biomedical sciences. (Ed. Weir). 116.
Sabe, H., et al. 1986. Mol. Biol. Med. 2 379.
Saizawa, K. , Hague, S., Jones, B. , Rojo, J., Tite, J., Kaye, J., and
Janewav, C. (1987). The L3T4 molecule is part of the helper T cell
antigen: la recognition complex. Ann. Inst. Pasteur■ 138 138.
Sanderson, C., O'Garra, A., Warren, D., and Klaus, G. (1986).
Eosinophil differentiation factor also has B cell growth factor
activity: proposed name interleukin 4. Proc. Nat. Acad. Sci. USA. 83
437.
Schwartz, R. (1985) Ann. Rev. Immunol. 3 237.
Seed, B. (1987) An LFA-3 cDNA encodes a phospholipid-1inked membrane
protein homologous to its receptor CD2. Nature. 329 840.
Sharon, M., Klausner, R., Cullen, B., Chizzonite, R., and Leonard, W.
1986. Novel interleukin 2 receptor subunit detected by cross-linking
under high affinity conditions. Science 234 859.
n
References.
Smith, K. 1984. Interleukin 2. Ann. Rev. Immunol. 2 319.
Smith, K. , and Cantrell, D. 1985. Interleukin 2 regulates its own
receptors. Proc. Nat. Acad. Sci. USA. 82 864.
Snapper, C., and Paul, W. (1987) Science. 236 944.
Snow, C., and Noelle, R. (1987). Thymus dependant antigenic stimulation
of antigen-specific T and B cells. Immunol. Rev. 99 193.
Sprent, J. (1978). Role of H-2 gene products in the function of T
helper cells from normal and chimeric mice measured in vivo. Immunol.
Rev. 42 108.
Springer, T. , Dustin, M. , Kishimoto, T. , and Martin, S. (1987). The
lymphocyte-function associated LFA-1,CD2 and LFA-3 molecules: Cell
adhesion receptors of the immune system. Ann■ Rev. Immunol. 5 223.
Stern, J., and Smith, K. 1986. Interleukin 2 induction of T cell Gi
progression and c-myb expression. Science. 233 203.
Suzuki, T. , and Cooper, M. 1985. Comparison of the expression of IL2
receptors by human T and B cells: induction by the polyclonal mitogens,
phorbal myristate acetate and anti-mu antibody. J. Immunol. 134 3111.
Swain, S. (1985). Role of BCGF II in the differentiation to antibody
secretion of normal and tumor B cells. J. Immunol 134 3934.
Swain, S., and Dutton, R. (1982). J. Exp. Med. 156 1821.
Taga, T., Kawanishi, Y., Hardy, R., Hirano, T., and Kishimoto, T. 1987.
Receptors for B cell stimulatory factor 2. Quantitation, specificity,
distribution and regulation of their expression. J. Exp. Med■ 166 967.
Taniguchi, T. , Matsui, H. , Fujita, T., Takaoka, C., Kashima, N. ,
Yoshimoto, R. and Hamoro, J. (1983). Structure and expression of a
cloned cDNA for human interleukin 2. Nature 302 305.
Temin, H.M. (1981). Cell 27 1.
Terhorst, C. , Alarcon, B. , Clevers, H. , Georgopoulos, K. , Gold, D. ,
Oettgen, H., Pettey, C., van der Elsen, and Wileman, T. 1986. Progress
in immunology VI. (Eds Cinader and Killer) 6 162.
Teshigawara, K., Wang, H.-M., Kato, K. , and Smith K. 1987. Interleukin
2 high affinity receptor expression depends on two distinct binding
proteins. J. Exp. Med. 165 223.
Tonegawa, S. (1983) Nature 302 575.
'77
References.
Tony, H.-P. and Parker, D. (1985). Major histocompatability complex
restricted polyclonal B cell responses resulting from helper T cell
recognition of anti-immunoglobulin presented by small B cells. J. Exp.
Med. 161 223.
Tsudo, M., Kozak, R., Goldman, C., and Waldmann, T. 1986. Demonstration
of a non-Tac peptide that binds interleukin 2: a potential participant
in a multi-chain interleukin 2 receptor complex. Proc. Nat. Acad. Sci.
USA. 83 9694.
Tucker, P. (1985) Transciptional regulation of IgM and Ig"D. Immunol.
Today■ 6 181.
Tucker, P., Liu C.-P., Mushinski, J., and Blattner, F. (1980). Mouse
immunoglobulin D: messenger RNA and genomic DNA sequences. Science. 209
1353.
Tyler, B. , Cowman, S., Gerondakis, S., Adams, J., and Bernard, 0.
(1982). Messenger RNA for surface immunoglobulin gamma chains encodes a
highly conserved transmembrane sequence and a 28-residue intracellular
domain. Proc. Nat. Acad. Sci. USA 79 2008.
Uchiyama, T. , Broder, S., Waldmann, T. 1981. A monoclonal antibody
reactive with activated and functionally mature human T cells. I.
Production of anti-Tac monoclonal antibody and distribution of Tac+
cells. J. Immunol. 126 1970.
Van Damme, J., Opdenakker, G. , Simpson, R. , Rubira, M. , Cayphas, S. ,
Vink, A., Billiau, A., and Van Snick, J. (1987). Identification of the
Human 26-kD protein, interferon 132, as a B cell hybridoma/plasmacytoma
growth factor induced by interleukin 1 and tumor necrosis factor. J.
Exp. Med. 165 914.
Vitetta, E. , Bossie, A., Fernandez-Botran, R. , Myers, C. , Oliver, K. ,
Sanders, V. , and Stevens, T. (1987). Interaction and activtion of
antigen-specific T and B cells. Immunol. Rev. 99 193.
Vitetta, E.S., Brooks, K. , Chen, Y. , Isakson, P., Jones, S., Lavton,
J., Mishra, G. , Pure, E. , Weiss, E. , Word, C., Yuan, D. , Tucker P.,
Uhr, J., and Krammer, P. (1984) T cell derived lymphokines that induce
Igm and Ig'G secretion in activated murine B cells. Immunol. Rev. 78 137.
Vitetta, E. , Ohara, J., Myers, C., Layton, J., Krammer, P., and Paul W.
(1985) Serological, biochemical and functional identity of B cell
stimulating factor-1 and B cell differentiation factor for IgGl. J.
Exp. Med. 162 1726.
Wang, H.-M., and Smith, K. (1987) The interleukin 2 receptor.
m
References.
Functional consequences of its bimolecular structure. J. Exp. Med. 166
1055.
Watson, D. , and Lascelles, A. 1973. Mechanism of transfer of
immunoglobulins into mammary secretion of ewes. Aust. J. Exp. Biol.
Med. Sci. G1 247.
Whitlock, C. A., Ziegler, S.F., Treiman, L. , Stafford, J., and Witte,
0. (1983). Cell. 32 903.
Whtilock, C., Denis, K., Robetson, D., and Witte, 0. (1985). Annu. Rev.
Immunol. 3 213.
Word, C.J., Mushinski, J.F., and Tucker, P.W. (1983) EMBO J. 2 887.
Yakura, H. , Kawabata, I., Ashida, T. , Shen, F. , and Katagiri, M.
(1986). A role of Lyb-2 in B cell activation mediated by a B cell
stimulatory factor. J. Immunol. 137 1475.
Yamada, G., Fujita, T., Hatateyama, M., and Taniguchi, T. (1986)
Molecular biology of interleukin 2 and its receptor: The current
status. In Progress in Immunology VI (Eds. Cinader, B. and Miller, R.)
Academic Press Inc.
Yaoita, Y. , Kumagai, Y. , Okumura, K. , and Honjo, T. (1982). Expression
of lymphocyte surface IgE does not require switch recombination. Nature
297 697.
Yokata, T. , Coffman, R. , Hagiwara, H. , et al. (1987). Proc. Nat ■ Acad.
Sci. (USA). 84 7388.
Yokata, T. , Otsuka, T. , Mosmann, T. , Banchereau, J., DeFrance, T. ,
Blanchard, D. , DeVries, J., Lee, F. , and Arai, K. (1986) Isolation and
characterisation of a human interleukin cDNA clone, homologous to
murine BSF-1, which expresses B cell and T cell stimulating actvities.
Proc. Nat. Acad. Sci. USA. 83 5894.
Zilberstein, A., Ruggieri, R., Korn, J., and Revel, M. (1986).
Structure and expression of cDNA and genes for human interferon beta-2,
a distinct species inducible by growth stimulatory cytokines. EMBQ J. 5
2529.
Zubler, R. , Lowenthal, J. , Erard, .F. , Hashimoto, N. , Devos, R. , and
MacDonald, H. (1984). Activated B cells express receptors for and
proliferate in response to pure interleukin 2. J. Exp. Med. 160 1170.
I1°l
abbreviations.
gQgp B cell differentiation factor
gCQP B cell growth factor
ggA Bovine serum albumen
q Constant
GP Currie
Q0n \ Concanavalin A
gpg Counts per minute
Qg Cluster designation




ELISA Enzyme-linked immunosorbant assay
FACS Fluorescence activated cell sorter
P0g Foetal calf serum
g Gravity
GM-CSF Granulocyte-macrophage CSF.
g & E Haematoxylin and eosin
gpy Human immunodeficiency virus.
ggE Haematopoietic stem cell
PCAM Intercellular adhesion molecule
PEP Immunoelectrophoresis
ppg Interferon (eg IFN-gamma)





PL Interleukin (eg IL2)
ppp Ileal Peyer's Patch
j Joining
jpp Jejunal Peyer's Patch
LCA Leucocyte common antigen
LFA Lymphocyte function antigen
LPS Lipopolysaccharide
ED Kilodaltons
gFP Mode fluorescence intensity
ggc Major histocompatability complex
mRNA Messenger ribonucleic acid
(PW Molecular weight
jpp-40 Nonidet P40
PAGE Polyacrylamide gel electrophoresis
PEL Peripheral blood lymphocytes
pgg Phosphate buffered saline
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pgA Peanut agglutinin.
jpjPA Ribonucleic acid
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